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THESE WR WAVE GUIDE SEALS PROVIDE POSITIVE 
SEALING; PREVENT R/F LEAKAGE, ARCING & BURNING) 






y ‘“ Electr-O-Seals are now available to fit all EIA (RETMA) 
VLLLILLL LLL YY standard WR series wave guide flanges, WR90 thru 
wT VY Waa . 
Il as specials. 
Nal cei WN WR2300 as we p 
SS SS N N These seals not only provide near perfect sealing and 
AEE 





complete electrical continuity, but offer many economicd 
advantages — — made by the makers of Parker O-rings, 
Stat-O-Seal © and Gask-O-Seal ®. 

Circulation 


for July: 
oer 28,000 


Pa rker SEAL COMPANY... 





Search, dev. 
the Contin 
ULVER CITY, CALIFORNIA and CLEVELAND, OHI wiversitis, 
us the follo 
title, your « 


A DIVISION OF PARKER-HANNIFIN CORPORATION inent, ‘the 1 


developmen: 


CIRCLE 1 ON INQUIRY CARD 
| JULY 1959 
























VOL. 3, NO. 7 


JULY 1959 


COMPONENTS DESIGN 4 


SYSTEMS DESIGN 16 





The Sourcebook of Design [de as in Applied Electraomechanics 





CONTENTS 


LOW COST STEPPER MOTOR 


Magnetic detent reduces shock load. 


6 POWER TRANSFORMER PROTECTION 


Fault-pressure relay responds to primary shock-wave produced in oil by a fault. 


8 SWITCH SELECTION AIDS 
10 WIRE WRAP TERMINALS 

Flute design speeds assembly. 
GROUND SUPPORT EQUIPMENT 


Count-down monitoring of multiple power supplies. 


18 “TRUE MASS” FLOWMETER 


Novel technique uses small gyro to totalize flow. 


19 CURRENT NULLING SERVOS 


Some advantages of parallel summation in servo computer circuits. 


20 MACHINE TOOL DRIVE 


Auto-transformers and silicon rectifiers form variable speed drive. 


RANDOM MOTION TEST TECHNIQUES 


Methods for compensating test system resonances. 


ELECTRICAL SHIELDING TAPE 


Aluminum foil laminated to polyester film eliminates cross-talk. 


ANALOG-DIGITAL CONVERTERS, Part II 


DATA SHEETS FOR YOUR THREE RING BINDER 


engineering function is electronic, mechanical or electro-mechanical. The 
letter containing this information must be signed by you. Address changes 
for current subscribers require a re-statement of above qualifications. 

Home subscriptions to qualified subscribers are available at a service 


NEW TECHNIQUES 24 
MATERIALS 31 
COMPONENTS DIGEST 6 83 CONNECTORS, Part II 
tik ' RF Connectors 
Printed Circuit Connectors 
TMA) Umbilical Connectors 
thru 
COMPONENTS DIGEST 7 
_ rie er 
onomic oltage Encoders 
INgS, DEPARTMENTS 61 
; ; 63 PRODUCT INDEX 
— ——s 
ir $ f 
wer 28,000 BPA 64 INDEX TO ADVERTISERS 
AN SUBSCRIPTION POLICY 
ELECTROMECHANICAL DESIGN is circulated only to qualified re- 
search, development and design engineers in all branches of industry in 
Te the Continental United States, including government installations and 
>, OH universities. You can qualify for a complimentary subscription by sending 
us the following information on your company letterhead: your name and 





RATIO 


title, your company’s products; the number of engineers in your depart- 
ment, the number of engineers in your company and a description of your 
development and design functions. Please indicate whether your major 


JULY 1959 


fee of $2.00 per year; subscription rate for non-qualified subscribers, 
$10.00 for one year only; library, group or company subscriptions, $10.00 
for one year only. All foreign subscriptions, $20.00 for one year. Single 
copy $1.00 when available. 





Precision hand, pneumatic, or automatic 
tooling guarantees uniform and 
complete crimp for each connection 

—a measurable quality control —at a 
high speed production rate. 


Pins and sockets are easily and 
quickly snap-locked into plugs and 
receptacles. They may be removed 

with a simple extraction tool for 

circuit changes or checks. 
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CONNECT ... only 3 points of contact 


The HYFEN method provides the minimum number 
of contacts—3—thereby reducing reliability 
problems. Exceeds the requirements of 
MIL-C-5015C and MIL-C-8384A. 
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with crimp-type snap-locked contacts 





BURNDY’s HYFEN method, already widely accepted in the 
industry, speeds the wiring of electronic harnesses and systems, 
and achieves greater dependability and versatility than has 
heretofore been possible. Crimp-type connections eliminate 
time-consuming solder operations and the disadvantages 

in the use of solder. 


For complete information, write: OMATON DIVISION 


pAN Of Of 3 a 3 Oe 
Hyfen Variations 


Feed-thru, modular.design, multiple insert 
nector. 35 contact inserts can be removed fr 
frame for easy contact insertion or removy 
5 or 8 insert frames available. 


Printed circuit connector in either 31 ¢ 
place configuration. Accommodate 4 
or combinations of wire sizes 


HYFEN types illustrated are typi 
of those already supplied to the 
industry by BURNDY. HYFEN 


connectors are engineered to meet 


specific requirements. For other 
types or sizes, contact BURNDY 


io CF ot RY > $9.3 


Norwalk, Connect. tn Europe: Antwerp, Belgium 
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High Priority Project Presents Unique Challenges to Computer Engineers 








Design and development men at the Light Military Elec- 
tronics Department of General Electric are now working 
on one of the most stimulating problems ever faced by com- 
puter engineers. 


It is one of the functions of the fire control computer 
electronics to keep the Polaris missile— now under develop- 
ment — always battle-ready, with a freshly calculated trajec- 
tory toward its pre-programmed target. The computer 
electronics operate continuously, constantly plotting the sub- 
marine’s changing position, taking into account all para- 
meters of speed, direction, angular disturbance, compass 
references, etc., and cranking new trajectory equations into the 
memory circuits of Polaris’ guidance computer electronics. 


The Guidance Computer furnishes the commands which 
guide the missile to its pre-programmed target on the basis 
of inputs from the fire control computer, and its own iner- 
tial reference sensor. 


Current assignments on Polaris Computer Design 
& Development are representative of the professionally 
advanced work always in progress at Light Military. Engi- 
neers chosen for these positions will find their own advance- 
ment can be rapid. Promotion is fully based on individual 
contributions, backed by performance appraisals. 


For prompt consideration, write in confidence to Mr. 
W. Gilmore, Dept. 29-MG 


LIGHT MILITARY ELECTRONICS DEPARTMENT 


GENERAL @@ ELECTRIC 


FRENCH ROAD, UTICA, NEW YORK 


WRITE DIRECT OR CIRCLE 3 ON INQUIRY CARD AND INCLUDE HOME ADDRESS 








LOW COST STEPPER MOTOR 


Magnetic Detent Reduces Shock Load 


Primary use of stepper motors is to convert digital computer 
intelligence to shaft position. Thus, they are a type of 
digital to analog converter. They find uses in: x-y plotters, 
positioning of cockpit instrument indicators, positioning of 
resolvers, induction pots, resistance pots and other trans- 
ducers from digital computer information, and as simple 
pulse counters. 

A stepper motor that appears to offer advantages in sim- 
plicity, reliability, weight and cost over conventional means 
of converting digital computer output to mechanical posi- 
tion has been built by American Electronics, Inc. at the 
request of their customers. The new motor consists of a 
2-pole PM rotor and wound stator which has 2 ct windings 
spaced at right angles, resembling a 4-pole stator. When a 
d-c voltage is applied to one or more of the stator wind- 
ings the PM rotor will align itself with the resulting stator 
flux field. When the voltage is switched from one winding 
to another, the rotor realigns itself in a new direction—it 
steps. In its present configuration, the motor can be made 
to step in angles of 45°, 90°, 180° or 360°, depending on 
the logic used. 

A proper sequence of switching of the stator windings 
will result in uniform consecutive stepping or digital ro- 
tation of the rotor. The rotor may be made to rotate con- 
tinuously (in steps) in either direction or in one or a series 
of steps alternately in either direction. The maximum ran- 
dom direction stepping rate obtainable with any given 
stepper motor will normally be approximately 75 percent 
of the maximum obtainable unidirectional step rate. The 
maximum obtainable step rate is also determined by the 
step angle. In general the smaller step angles demand less 
time per step, thus permitting a higher step rate. However, 
the circuitry required to switch the step motor is generally 
more complex for the smaller step angles. 


LOGIC CIRCUITS 


Information which controls the direction and number of 
steps is typically in the form of pulses supplied by digital 
computer outputs. These pulses are fed into a “step-motor 
switching logic circuit” which forms the pulse information 
into proper switching to step the rotor. American Elec- 
tronics, Inc. does not supply these logic circuits since most 
users prefer to make their own. 

A typical logic circuit would consist of transistors, diodes, 
capacitors and resistors, and would result in an approxi- 
mate package size of 1 in. dia. x 2 in. long for 180° steps 
and 1-% in. dia. x 2-% in. long for 90° steps. (See Figs 
1 and 2.) 


ADVANTAGES 


In addition to having no mechanical parts to wear out or 
go out of adjustment, the new stepper motor has the advan- 
tage that its “magnetic detent” results in a far smaller shock 
load on the output shaft and subsequent hardware than 
does a rigid mechanical detent. Moreover, switching tran- 
sients found in conventional stepper motors are not present 
in the new device. 
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Fig 1. Logie circuitry designed to drive the step motor in 
90° steps. The A’s represent and circuits, which deliver an 
output only as long as all the inputs are energized. The O’s 
represent or circuits which deliver an output when either 
of the inputs is energized. The FF’s represent flip-flops 
which change their state according to the channel delivering 
the last input pulse. The magnetization vectors for the 
different polarities of energization of the separate coils 
are shown as u and v. The circuit is excited by a pulse 
applied either in the forward (cew) or the reverse (ew) 
directions. In a typical illustration, assume that the energiza- 


tion state is such that u and pv are excited. Let us apply a | 


forward pulse. The and circuit which responds is the fourth 
one from the top because only in this circuit are the u and » 
channels energized. An output is delivered to the or cir- 
cuit which then changes the u on the flip-flop to the @ mode, 
This will rotate the output flux vector and the rotor 90° 
in a counter-clockwise position. The above reasoning may 
be applied for either forward or reverse pulses for any 
particular state of energization of the step motor. 


FLIP FLOP 


FORWARD (CCW) 








REVERSE (Cw) 

















Fig 2 180° step circuit. In this instance, assume a forward 
pulse applied with the rotor in the u position, the forward 
pulse will energize only the uppermost and circuit whose 
output is then delivered through the or circuit into an 
amplifier and into the v winding. The rotor starts to rotate 
counterclockwise, however, after a delay, the fp-fep will 
change state and rotate to the @ condition. The v pulse by 
now has diminished to zero but the rotor is on its way 
towards the new u position, 180 degrees away. 
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The new stepper motor also otters considerable advan- 
tage over a servo motor as a position servo operated from 
digital information. In using a servo motor you have to 
integrate the pulses and convert them to an analog voltage 
which in turn must modulate a 400 cps carrier voltage— 
a complicated operation requiring a fair amount of circuitry. 
This modulated voltage must then be compared to the vol- 
tage from a feedback transducer (synchro, resolver, or pot) 
on the servo motor output shaft. Finally, these two voltages 
must be summed in some device and the result fed into 
a servo amplifier driving the servo motor control winding. 
The servo amplifier alone is often the size, weight and cost 
of the entire logic circuit required to operate the stepper 
motor. In contrast, the stepper motor is a digital input de- 
vice itself, and may be used without any feedback elements 
since its shaft position is the sum of all pulses fed into the 
logic circuit. 

In its present form the stepper motor is primarily suited 
for high speed, low torque applications. Stepping rates of 
120 steps/second bi-directional, 160 steps/second unidirec- 
tional, with 90° step angles have been obtained in all frame 
sizes. Running torque at the maximum rate varies from 0.10 
to 0.5 in oz depending on the frame size. Torque and 
inertia loads will reduce maximum stepping rate. Accuracy 
of step angle is about 2° to 5° for 90° steps. Units are 
available in standard BuOrd 8, 11, and 15 frames with 
either terminal boards or leads and can be supplied with 
all gearheads normally available on these sizes of servo 
motors. 

Circle No. 85 on Inquiry Card 
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Recorders and Recording Controllers 


Twelve-page booklet describes G. E.’s new self-standardiz- 
ing strip-chart recorders and recording controllers for meas- 
urement of electrical and process variables. Included are 
product photographs, application data, typical control sys- 
tem schematics, specifications, and dimensions. A. silicon 
diode voltage source gives continuous standardization with- 
out dry cell, standard cell or standardization mechanism. 
Variables that can be measured include kilowatts, kilovars, 
d-c volts, power factor, frequency, time deviation and other 
electrical quantities plus process variables. 

Source: General Electric Company 


Schenectady, New York 
For your copy: Circle No. 123 on Inquiry Card 


Electrical Connectors 


Twelve-page brochure outlines how connectors are engi- 
neered for electrical characteristics, flexibility and reliability 
required of guidance, propulsion-control and telemetering 
systems and reviews environmental and prefromance stand- 
ards. 
Source: Burndy Corporation 

Norwalk, Conn. 
For your copy: Circle No. 119 on Inquiry Card 


Electric Process Heaters 


Sixty-four page catalog illustrates a complete line of 15,000 
types of electric process heaters and describes their many 
uses. Included are an application section and a technial 
section to aid in calculation of heating requirements. 
Source: Edwin L. Wiegand Co. 

Pittsburgh, Pa. 
For your copy: Circle No. 120 on Inquiry Card 
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Better shape factor 
over wider frequency range 


DAVEN’S NEW “EGG CRATE” LC FILTERS 


Center frequency: covers the range from 0.4 MC to 60.0 MC de- 
pending upon specific requirements. Center frequency stability: 
1.0 KC per MC from -55°C to +105°C. Shape factor: 
BWeo/BWe to 2.1. Shape factors can be modified for optimum 
time delay. 





Daven’s new LC filters are ideal for shaping the pass band 
of AM/FM or FM/FM data link receivers, double or single side 
band receivers and generators, direction finding receivers, com- 
munication and telemetering receivers, and spectrum analyzers. 


Write today for complete, newly-published technical data. 


“DAVEN- 


TODAY, MORE THAN EVER, THE DAVEN ©) STANDS FOR DEPENDABILITY 
CIRCLE 4 ON INQUIRY CARD 
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for the DIFFERENTIAL Connoisseur! 


HIGHEST 
PRECISION 


MINIATURE 
COMPUTING 


ENTIALS 


Dependably precise mechanical differentials 
for use in high-accuracy electro-mechanical 
computer assemblies. Every detail of 
construction in compliance with the most rigid 
specifications. Available in MINIATURE sizes 
in single- and double- pinion hollow-shaft 
design with removable end gears. Compact, 
easily installed in tight space; light in 

weight yet rugged. 


also INTEGRAL SHAFT TYPE 
for STANDARD %” shaft systems 


Equally high relative precision will be found 
in this larger series of Reeves Differentials. 





DIFFE 


Load — 32 og-in. 
Backlash less than 0° 1.5’. 


Breakaway torque at zero load: 
0.05 oz-in. 


End gears interchangeable; 
supplied in 48, 64, 96 
or 120 pitch. 


Stainless steel throughout. 
Weighs only 0.88 ounce. 


Stocked in Ye” and 3/16” 
bores. 


Write for Technical Data. 


REEVES INSTRUMENT CORPORATION 
A Subsidiary of Dynamics Corp. of America 
Roosevelt Field, Garden City, New York 


f= eeues 


ENGINEERS: Explore Reeves career opportunities now! 
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Edwin F. Oblinger, Chief Engineer, 
Parker Sweeper Company, says: 


“WE THREW OUT 
PRESS FITS 
FOR BEARINGS... 


“We used interference fits to pre- 
vent bearing races from turning 
in the gear box of our 4HP Turbo- 
sweeper. Maintaining close toler- 
ances was a constant headache. 
If the fit was loose, the race would 
slip and fret the surfaces; if the 
fit was tight, the race would de- 
form and bearing life would be 
shortened. Then we discovered 
LoctitE Liquid Sealant would do 
away with the need for press fits. 
We opened up the tolerances for 
both shaft and housing and used a 
slip fit, filling the clearance with 
Loctite. The bearings are retained 
with a force equal to the cus- 
tomary interference fit, but we've 
reduced rejected parts from 8% to 
less than 1% and reworked parts 
fell from 20% to 0! Field reports 
are excellent.” 


LIQUID 
SEALANT 
... replaced 
interference 
fits and 
opened up 
tolerances 
almost 0.002 
in. on shaft 
and housing 
for this 

ball bearing 
assembly. 


Load o over 





break bond. 


Loctite is a 
that hardens on 


enetrating liquid 

after being con- 
fined between closely fitted metal 
parts. In the absence of air, the 
sealant hardens into a strong, heat 
and oil-resistant bond. The hard- 
ening action may be accelerated 


by heating. 


Loctite eliminates the 
need for interference 
fits on bearings, sleeves, 
shafts and studs... 
locks nuts to bolts, seals 
pipe and tubing joints. 
For further information 
write to: 


LOGTITE ves.an: 


AMERICAN SEALANTS COMPANY 
109 Woodbine St., Hartford 6, Conn. 
in Canada: J. S. Parkes & Co., Ltd., Montreal 
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[ # Upper 
Switch {_ fe “~ chamber 
Piston Equalizer holes 
Sompler —— 
Bellows == 


Cross section of G.E.’s new 
type J fault pressure relay 
shows how shock wave in 
transformer oil is transmitted 
to bellows, to silicone oil, to 
piston, to switch. Equalizer 
holes compensate for normal, 
slow pressure variations due 
to changes in ambient and 
loading. 


POWER TRANSFORMERS 


Fault Pressure Relay Responds to 
Internal Transformer Faults 


A new fault pressure relay, which in- 
corporates a unique pressure differen- 
tial or equalizing feature to prevent 
false operation, prevents power trans- 
formers from operating in damaged 
condition. Called Type J, the relay is 
designed to respond only to internal 
transformer faults and not to line 
through-faults, system surges or me- 
chanical shock and vibration. It signals 
circuit breakers to open and deenergize 
the unit. 

Normally located on the transformer 
tank near the base, the J-relay operates 
from the primary shock wave produced 
in oil by a fault. G. E. engineers be- 
lieve that more rapid and accurate re- 
sponse, and hence better transformer 
protection, is possible when this mount- 
ing location is used. 

Operation will occur whenever the 
pressure increases at a rate exceeding 
0.5 psi/sec. Response time is about 3 
cycles for an oil pressure rate-of-rise of 
18 psi/sec. The device operates in one 
cycle when a major fault occurs. 

The J relay’s lower chamber con- 
tains a silicone-oil-filled bellows, made 
of phosphor-bronze, and surrounded 
by transformer oil. In the upper cham- 
ber of the device is an additional small 
quantity of the special silicone oil 
which is connected to the bellows by 
two small equalizer holes. A piston 
rests on top of the silicone oil in the 
bellows. The fault-shock wave is car- 
ried by the transformer oil to the pis- 
ton via the bellows and silicone oil. 
The piston then operates the signal 
switch. 

The two equalizing holes assure con- 


—=2} oil 

















Lower chomber 


tinued accuracy regardless of variations 
in the transformer’s operating pressure. 
Should loading or the ambient increase, 
operating pressure will gradually rise, 
However, oil will then escape from 
the bellows into the upper chamber 
through the two holes, and the relay 
will compensate for the increased pres- 
sure. It is equally responsive to a fault 
at all pressures in the normal operat- 
ing range. 
Other benefits of the J relay are: 
@ It can be used with any oil pres- 
ervation method. 
@ It is accessible because of floor 
level location. 
@ It can be used with a gas-detecting 
relay which warns of incipient faults. 
@ It is easily tested with an air sup- 
ply and gage plus a stop watch. 
Circle No. 79 on Inquiry Card 


WORTH FILING 


Low-Cost, High-Speed 
Automatic Recloser 


automatic re- 


23- to 46-kv 


Low-cost, high-speed 
closing protection for 
circuits is described in a comprehen- 
sive new bulletin that illustrates and 
describes Type HVR_ reclosers— 23, 
34.5 and 46 kv sizes with continuous- 
current ratings of 100, 140, 200, 280, 
and 400 amperes—for protecting sub- 
transmission lines and higher voltage 
distribution lines. The HVR_reclosers 
were developed for applications where 
more expensive fault-handling switch- 
gear can not be justified and where 
power fuses are not sufficient because 
of their inability to restore service 
automatically after clearing transient 
faults. 

Source: Greensburg Division 


1-T-E circuit Breaker Co. 
Philadelphia, Pa. 


For your copy: Circle No. 142 on Inquiry Card 
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| Improved performance plus 
production economies 


Your job...and Centgalab’s 
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High Alumina 
Ceramic to Metal 
& Fe jf VARIABLE CONDENSER SHAFT 
ah Precision Precision 95% High Alumina shaft 
. and silver plated brass hardware 
Assemblies assembled and machined to a 
Total Indicator Reading require- 
ment of less than .002”. 
ariations HIGH PRESSURE CONNECTOR 
pressure, With eight critical metal to ceramic 
increase, Take full advantage of the superior elec- sealing areas, capable of withstand- 
ly Pie: trical and physical properties of High ing a minimum of 3,750 psi. Copper 
h — Alumina and Steatite ceramics. Let plated stainless steel housing. 
’ _— CENTRALAB provide you with complete 
pte: assemblies. 
ed pres: TUNER COUPLING ARM 
> a fault The specialized techniques of close toler- To hold center dimensions between 
| Operat- ance ceramic-to-metal fabrication are riveted brass pivot and cemented 
daily routine at CENTRALAB. You can phosphor bronze bushing, bushing 
y are: eliminate production assembly problems is machined to a tolerance of ' 
oil pres-| and at the same time achieve superior + .0005” or less. O-ring groove on 
products by relying on years of expert pivot machined to .012” wide, 
of floor: knowledge and unequalled facilities for . —.000” + .002”. Machined ceramic 
engineering ceramics. - | sscrew. 
letecting 
nt faults. CENTRALAB can handle intricate, precision 
air sup- assemblies involving machining of cer- NON-FLOATING VALVE SEAT 
watch. amics or metals to + .00025, metalizing of , , , 
" . Arse : Comprised of ceramic cone with 
4 ceramics, cementing, riveting, soldering, custene Gaiin of Se bien, lide 
plating, and stamping. Such assemblies . . 
: , . bands brazed to machined and 
are regularly produced in their entirety — copper plated bushing. After assem- 
ceramic cone is less than .005’. 
natic re- 
to 46-kv | CONTACT ROTOR ASSEMBLY 
npr With riveted and soldered contact 
ates rm arm. Nickel plated brass bushing 
bens soldered to metalized ceramic. Tol- 
—“e erance —.000” + .001”. on I.D. of 
200, F bushing after slotting. 
ting sub- Write for your free copy of CENTRALAB’S 
r voltage Ceramic Design Handbook giving your 
reclosers detailed design data and complete elec- 
ms where trical and physical specifications on High . 
g switch- Alumina and Steatite ceramics. ; 
id where 
t because 
p SeTViGg A Division of Globe-Union Inc. 
transient) 924G E. KEEFE AVE. « MILWAUKEE 1, WIS. 
RRS é 669 Bayview Avenue, Toronto 17, Canada 
X-5939 
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COMPONENTS 


SWITCH SELECTION AIDS 


Printed Circuit Switch 


The cost of switch installation can be 
considerably reduced by means of a 
new development that Walter E. Peek, 
Centralab’s General Sales Manager 
calls the greatest advance in switch 
design in decades. Mr. Peek reported 
that Centralab’s Series 20 printed cir- 
cuit switch reduces costs considerably 
because of three major factors: Switch 
wiring errors are eliminated; all switch- 
ing leads are connected simultaneously 
during dip soldering of etched circuit 





Printed circuit switch is constructed of 
laminated phenolic sections 134” high 
and 2” wide and is available with bolted 
construction multiple sections and 
staked single or dual section assem- 
blies. Design covers combinations from 
one pole-12 positions through 6 pole-2 
positions. 


boards; and no hardware is required 
for rigid anchoring of the switch to 
the board. 

The new switch series is rated at 2 
amperes 15 volts DC, 150 ma. at 110 
volts AC (make and break, resistive 
load). The insulation is laminated phe- 
nolic type PBE per specification MIL- 
P-3115. Voltage breakdown is 1000 
volts RMS, and the switches have a 
rotational life of 10,000 cycles mini- 
mum. Centralab has detailed complete 
physical and electrical specifications on 
these units in Bulletin EP-757. 


Circle No. 82 on Inquiry Card 





Inertia Switch 


New compact inertia switch that meets 
stringent military environmental re- 
quirements, can be mounted in any 
plane to detect acceleration forces 
caused by roll, pitch, yaw, etc. Stand- 
ard units are factory adjustable from 1 
G to 3 G and special units up to 50 G 
can be constructed. Operating tem- 
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perature range —55C to 100C. Ac- 
curacy +5 percent, time constant at 
25C is 1 second. Switch is single pole, 
double throw and can be adjusted for 
equal or unequal sensitivity from either 
direction in one plane through the 
longitudinal axis. Switch reset is au- 
tomatic and contacts are rated 100 
milliamperes at 28 volts DC. The 
Magnavox Co., Government & Indus- 
trial Div., Ft. Wayne, Ind. 


Circle No. 133 on Inquiry Card 


WORTH FILING 


Switch Guide 


Electronic and electrical engineers and 
designers may now obtain a complete 
bound reference catalog on electrical 
switches and actuators. This one vol- 
ume contains a discussion of switch 
terminology, basic design types, oper- 
ating methods and environment ap- 
plication data. Also included are pho- 
tos, dimension drawings, specifications 
and modification information. Provision 
will be made to keep all issued copies 
up-to-date with periodic issuance of 
supplementary technical data. 


Source: Electrosnap Corp. 
Chicago 24, Ill. 


For your copy: Circle No. 200 on Inquiry Card 





Push Button Switch 
Performs Double Function 


A small open blade, push button switch 
designed for mounting through a panel 
features double pole, double throw 
circuitry and performs the functions of 
two separate switches with resulting 
savings in cost and space. It is rated 
at 10amps, 125 vAC, has gold flashed 
contacts and is available with pal- 
ladium contacts for low contact forces, 
small currents and small impressed 
voltages. Acro Div., Robertshaw- 
Fulton Controls, Columbus, O. 


Circle No. 188 on Inquiry Card 


Impact Switch Registers 


A new type impact switch, with only 
two moving parts, opens or closes an 
electrical circuit in response to a pre- 
determined amount of shock, from any 
direction within 90 degrees of the ver- 
tical axis. It may be used to arm a 
fuze or warhead, activate a beacon or 
alarm, start or stop a machine. A com. 
mon airborne use is disconnect and de- 
ployment of parachutes from grounded 
target drones. Four features, previ- 
ously unavailable on impact switches, 
include omni-directional actuation in 
the lower hemisphere, _ reliability 
through circuit redundancy, high cur 
rent carrying capacity and provision for 
ground checkout. George Harmon Co., 
Northridge, California. 
Circle No. 219 on Inquiry Card 


WORTH FILING 


Precision Switch Catalog 


New 28-page catalog contains com- 
prehensive data on new sealed switches 
for severe environments and new low- 
cost switches for mass-produced auto- 
matic devices, household appliances, 
etc. added to complete descriptions of 
general-purpose, low-force, high-sensi- 
tivity, open-blade, environment-free, 
metal cased, AN and JAN, direct cur- 
rent and reset switches. Also shown 
are a wide variety of integral and 
auxiliary actuator styles. 


Source: Unimax Switch Div. 
The W. L. Maxson Corp. 
Wallingford, Conn. 


For your copy: Circle No. 204 on Inquiry Card 


WORTH FILING 


Subminiature-Switch Catalog 


16-page catalog describes subminia- 
ture switches that meet Military Specs. 
It includes information on high-tem- 
perature (650°F) switches and metal 
enclosed, environment-free switches as 
well as popular types of phenolic- 
cased, push-button, toggle, and in- 
tegral-actuator subminiature switches. 
Convenient pictorial index shows 
where to find dimension drawings, 
descriptions, force and movement spe- 
cification tables and electrical ratings 
for each Unimax subminiature switch 
listed. Data on bases, terminals, circuit 
arrangements and NEMA. standard 
definitions of sensitive switch terms are 
also included. 


Source: Unimax Switch Div. 
The W. L. Maxson Corp. 
Wallingford, Conn. 


For your copy: Circle No. 201 on Inquiry Card 
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SIV ERCEL BATTERY-POWERED TORPEDOES 


Through every stage of their stalking missions, the 
Navy’s revolutionary torpedoes depend on YARDNEY 
SILVERCEL® BATTERIES to power remarkable propulsion 
and homing devices. 

From the largest and most complex missile to the 
smallest subminiature device, today’s advanced tech- 
nology requires maximum energy from a package of 
minimum size and weight. As in torpedoes, YARDNEY 


YARDNEY ELECTRIC CORP 


‘‘Pioneers in Compact Power’’ * 


40-50 LEONARD STREET, NEW YORK 13, NEW YORK 


JULY 1959 


4 STALK THEIR PREY- WITH DEADLY ACCURACY! 


SILVERCEL® BATTERIES provide reliable energy with 
only 1/5 the size and 1/6 the weight of ordinary batter- 
ies. They are used in 19 U.S. missiles...including major 
intercontinental and intermediate-range missiles. 

Write today for complete technical data and litera- 
ture to find out how you can gain needed power, save 
vital space and weight. 


Patents granted and 
pending. 

Copyright 1958 
Yardney Electric Corp. 


*Trade Mark 


MANUFACTURERS OF YARDNEY SILVERCEL®, YARDNEY SILCAD® AND YARDNEY ARCTIC’ BATTERIES 
CIRCLE 8 ON INQUIRY CARD 
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power 
supplies 


Transistorized ® Transformer Cased 
3%6 x 3% x 44% ® Basic Price: $64 to $127 





Lab Model @ Basic Price plus $60 





Rack Mounted @ Basic Price plus $50 


MINISOURCE Power Supplies 
100% SERVICEABLE 


No Potting 

Printed Circuit Design 

Accessible Components 
Full Wave Bridge 
Flexible E&I Ratings 
Standard units from 5 to 
50 volts at currents from 
50 to 500 ma or units 
designed and built to 
customer specifications. 





INPUT: 105—125 V AC 
REGULATION: better than 0.5% 
RIPPLE: better than 0.5% 


OUTPUT IMPEDANCE: less than 
0.25 ohms, DC—100 kc 


POLARITY: grounded or floating 
operation 


TEMPERATURE: compensated 
from —10 to 55C 


PRICE RANGE: Indicated below 
each unit 


Send for complete catalogue 


CIRCLE 9 ON INQUIRY CARD 
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COMPONENTS DESIGN 





WIRE WRAP TERMINALS 


Flute Design Speeds Assembly 


Insulated wire wrap standoff and feed- 
through terminals with a special self- 
locking Nylon body provide quick, 
one-step insertion, eliminate special 
fastening devices and reduce _instal- 
lation costs to a minimum. Known as 
“Pushlock” Wire Wrap Terminals, they 
are pushed into place with arbor press, 
drill press or simple hand tools. Ac- 
cording to Whitso, Inc., Schiller Park, 












TAN 












TTT TTT] 














Construction of the “Pushlock” Wire 
Wrap Terminal is such that a series of 
molded flutes project radially from the 
molded Nylon body. When the terminal 
is pressed into a mounting hole, the 
flutes deflect and their tendency to re- 
turn to normal position creates positive, 
uniform holding power around the en- 
tire inside circumference of the hole. 
Since the flutes are molded from Nylon, 
they will continue to exert this pressure 
under temperatures from —65° to 
+300° and with exposure to oils, 
greases and common solvents. 


Ill, they align perfectly and self-lock 
securely, providing a solid anchor and 
complete insulation between terminal 
and plate. 

Holding action and electrical prop- 
erties of the wire wrap terminals were 
designed for aircraft, missile, marine, 
automation, and appliance applications 
where shock and vibration are serious 
problems. Their small size and simple 
design make it possible for them to be 
used with printed circuitry and minia- 
turized equipment. Sample available. 

Circle No. 78 on Inquiry Card 


ELECTROMECHANICAL DESIGN 
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Precision Wirewound Resistors 


Special precision wirewound resistors 
with any specified temperature co- 
eficient between —25 and +6000 
per million per degree C are now 
available in values of 10 ohms to 3 
megohms. The new resistors have ap- 
lication in telemetering, zener diode 
and other circuits requiring positive 
temperature compensation. In bridge 
circuits, they can be used to accurately 
measure temperature. Characterized 
by close tolerance and compression 
molding in an alkyd resin, they are 
available with solder lugs and axial, 
radial printed circuit, or special leads, 
and meet or exceed all applicable mili- 
tary specs. Ultronix, San Mateo, Calif. 
Circle No. 222 on Inquiry Card 


Micro-Miniature Relay 


Contact contamination—one of the 
greatest problems in achieving relay 
teliability—has been significantly re- 
duced by the use of all-welded con- 
struction in a new micro-miniature re- 
lay. Solder flux has been one of the 
primary causes of relay contact con- 
tamination. The new four-pole, double- 
throw relay is assembled—without using 
solder—by an inert arc welding process 
which hermetically seals the header to 
the can. Weighing about one ounce, 
the relay is rated two amperes at 26.5 
volts d-c or 115 volts a-c, and is d-c 
operated using a highly efficient E- 
type magnet. It is rated from 160 de- 
grees C continuous ambient down to 
—65C, has a mechanical life of over 
ten million operations, and electrical 
life at rated load in excess of 200,000 
operations. Operate and release times 
are six and four milli-seconds respec- 
tively, including bounce. Pickup power 
is 400 milliwatts. The relay withstands 
vibration tests to 2000 cycles per sec- 
ond at 30 G’s and shock tests at 50 G’s 
for 11 milli-seconds. General Electric 
Company, Schenectady, New York. 
Circle No. 224 on Inquiry Card 


WORTH FILING 


Printed Circuit Connector Catalog 


Twenty-four page catalog covers a 
wide variety of printed circuit con- 
nectors which accommodate 1/16”, 
3/32” or %” printed circuit cards. 
Available in single and double row 
contacts, with up to 116 on one mold- 
ing, the connectors come in various 
wiring styles and molding compounds. 
Also included are complete specifica- 
tions, outline dimensions, general in- 
formation and suggested applications. 
Source: Electronic Sales Div. 

DeJur-Amsco Corp. 


Long Island City, N.Y. 
For your copy: Circle No. 191 on Inquiry Card 
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..-simple or intricate parts, high in 


GRC tiny die castings 


made in one fast automatic operation 


quality, low in cost 


Gries’ exclusive patented methods make = 

possible wide design latitude . . . assure 

uniformity, accuracy and smooth sur- 

faces on small parts of all types... 

for a wide variety of uses . . . at sub- 

stantial savings. GRC die castings leave 

the machines trimmed, ready-for-use. In 

addition GRC’s unique single cavity 

die casting techniques 

offer new shortcuts in assembly 
. new approaches 

in product design 

through our exclusive . . . 




















tiny zine 
| die castings 


NO SIZE TOO SMALL! 


Write for fact- 
filled brooklet 
“Small Zinc 
Alloy Die Cast- 
ings,” includes 
helpful design- 
er’s check list. 


GRIES REPRODUCER CORP. 
World's Foremost Producer of Small Die Castings 
119 Beechwood Ave., New Rochelle, N. Y. New Rochelle 3-8600 


Maximum sizes up 
to 134”, 2 oz. 
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Predict performance! 
Cut costs! 

The key to dependable 
system performance is 


RELIABILITY! 


Designers everywhere 
insist on 


the rugged reliability of 
precision potentiometers by Electro-Mec. 


@ 100% inspection of all vital 
characteristics. 
@ Glass insulated ferminals. 


e@ 18K gold slip rings. 


TYPE 18 
Modest size, 


e Ultra-dependable resistance elements 
artificially aged to insure stability. 


improved accuracy 
Resolution to .025%. e Exclusive long life wiper design 
incorporates precious metal contacts. 





@ Built-in safety factors. 
ELECTRO-MEC 
Laboratory, Inc. 


47-51 33 Street 
Long Island City 1, N. Y. 


All AIA Sizes .875” to 3.00” Dia. 
For complete technical data write to 
our engineering department. 





CIRCLE 52 ON INQUIRY CARD 
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Newly expanded with the recent additions of the former 
Fairchild and Scruggs models, the all-inclusive Howard 
line of shaded pole and induction motors is now the most 
comprehensive in the industry. The wide selection of stand- 
ard shaded pole and induction models offered by Howard 
assures you of a motor to meet your exact requirements at 
low cost and with minimum delay. Thousands of specs are 





ew! Complete, Expanded Line of Shaded 


OWARD 


on file so that variations of any standard model can also 
be quickly and inexpensively supplied. Shown on these 
pages are just a few of the shaded pole and induction 
motors in the Howard line. For samples and prices or in- 
formation on these or other Howard motors—Universal, 
Gear motors or Blowers (not shown)—send us details of 
your application today. 





Shaded Pole Motors 1/2000 to 1/8 H.P. 





MODEL 100 
TYPE: 4 pole, double bearing 
DIAMETER: 2-3/4 square 


LENGTH: 2-5/32 to 2-29/32 depending 
on stacking 


H.P.: 1/650 to 1/85 
NO LOAD RPM: 1700 
FULL LOAD RPM: 1500 standard 


BEARINGS: Sintered bronze, self-align- 
«4 type or ball bearings. Extension oil 
tubes available. 








MODEL 1000 

TYPE: 2 pole, double bearing 
WIDTH: 2-3/8 

HEIGHT: 2-19/32 

LENGTH: 1-5/8 

H.P.: 1-1000 to 1/75 

NO LOAD RPM: 3400 - 3500 
FULL LOAD RPM: 2800 - 3200 


BEARINGS: Oilite with large oil reser- 
voir. 








MODEL 1075 

TYPE: 2 pole, unit bearing 
WIDTH: 2-3/8 

HEIGHT: 2-5/8 

LENGTH: 1-3/4 

H.P.: 1/750 to 1/185 

NO LOAD RPM: 3400 

FULL LOAD RPM: 2600 - 3200 


BEARINGS: Unit bearing construction with 


permanently sealed-in lubrication. 
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MODEL 1100 

TYPE: 2 pole, double bearing 

WIDTH: 2-1/2 

HEIGHT: 2-15/16 

LENGTH: 1-1/2 to 2 depending on stack- 
ing 

H.P.: 1/750 to 1/50 

NO LOAD RPM: 3400 

FULL LOAD RPM: 2800 - 3200 


BEARINGS: Oilite with large oil reser- 
voir. 








MODEL 1175 

TYPE: 2 pole, unit bearing 

WIDTH: 2-1/2 

HEIGHT: 2-31/32 

LENGTH: 1-49/64 to 2-5/8 depending on 
stacking 

H.P,: 1/700 to 1/100 

NO LOAD RPM: 3400 

FULL LOAD RPM: 2600 - 3200 


BEARINGS: Unit bearing construction with 
permanently sealed-in lubrication. 


CIRCLE 11 ON INQUIRY CARD 








MODEL 2800S Stamped Steel Case 
TYPE: 2 pole or 4 pole shaded pole 
DIAMETER: 3-9/32 
LENGTH: 2-3/16 to 3-1/16 depending on 
stacking 
H.P.: 1/100 to 1/30* 
NO LOAD RPM: 1700 or 3400 
FULL LOAD RPM: 1500 or 3000 
STARTING TORQUE OZ. IN.: 2.0 - 10.0 
depending on stacking 
BEARINGS: Porous bronze sleeve type 
with large oil reservoir. 
*Ratings are continuous duty, 55° C rise 
in a 40° ambient, with air drawn over 
the open ventilated motor. 


ELECTROMECHANICAL DESIGN 
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Pole and Induction Fractional H. P. Motors 


Now Offering the Widest Selection of 
Motors and Prices in the Industry! 


Induction Motors 1/1400 to 1/4 H.P. 









MODEL 2900 
MODEL 2400 TYPE: 2 Pole, 4 Pole, 6 Pole or 8 Pole 
TYPE: 4 Pole Induction. Induction. 


MODEL 2500 

TYPE: 2 pole or 4 pole induction. 
DIAMETER: 2-9/16” square. 

LENGTH: 1-7/8" to 2-3/8”. 

SPEED: *1200 to 3600 R.P.M. 

H.P.: 1/300 to 1/1400. 

MAXIMUM TORQUE OZ. IN.: *1.6 to 3.5. 
BEARINGS: *Ball or sleeve. 


*Dependent on type of motor used, i.e. 
Non-Synchronous Capacitor Motors, 
Torque Motors, Standard Synchronous 
Motors, Hysteresis Synchronous Motors. 


DIAMETER: 2-9/16” square. 
LENGTH: 2-3/8” to 3”. 
SINGLE PHASE CAPACITOR MOTOR. 
Maximum Torque oz in.—1. 
Full Load Speed R.P.M.—1150. 
Bearinge—RBC—Ball. RWC—Sleeve. 
TWO PHASE MOTOR: 
Maximum Torque oz. in.—1.5. 
R.P.M.—1150. 
Bearings—RBC—Ball. RWC—Sleeve. 
BEARINGS: Porous bronze sleeve type 
with oil reservoir, or grease sealed 
ball bearings. 


DIAMETER: 3-5/16’’. 
LENGTH: 4-25/32" to 5-21/32" ball bear- 


ing. 
5-5/16" to 6-3/16" sleeve bearing. 
H.P.: *1/70 to 1/15. 
FULL LOAD TORQUE OZ. IN.: *10.0 to 30. 
BEARINGS: Bronze sleeve type with oil 
reservoirs, or permanently lubricated 
sealed and shielded ball bearings. 
*Dependent on type of motor used: i.e. 
Non-Synchronous Capacitor Motors, 
Standard synchronous, Motors, Hyster- 
esis Synchronous Motors. Torque Motors. 








MODEL 3700 MODEL 9200 
TYPE: 2 Pole, 4 Pole, 6 Pole or 8 Pole TYPE: Induction, torque, synchronous 2, 
Induction. 


4, 6 or 8 poles, 25 to 60 cy single 
DIAMETER: 3-7/8’. (capacitor) two or 3 phase. 


LENGTH: 5-1/16” to 5-11/16”. 


MODEL |! 


H.P.: *1/25 to 1/7. 

STARTING TORQUE: *13 oz. in. to 30 oz. 
in. 

BEARINGS: Porous bronze type with oil 
reservoir. 


*Dependent on type of motor used; i.e. 
Normal Induction Motor, Hysteresis Syn- 
chronous Motor. 


P » 4 
°wr:reDP © 











H.P.: 1/250 to 1/50 continuous or inter- 
mittent duty. 

R.P.M.: 900 to 3600. ’ 

DIMENSIONS: 2-7/8" x 2-7/8" by 4-1/32” 
to 4-13/32"'. 

MOUNTING: Pad, resilient ring, face ex- 
tended bolts. 

BEARINGS: Porous bronze sleeve, (ball 
bearings available at request). 


TYPE: Hysteresis Type Single Phase Ca- 
pacitor 


DIAMETER: 2-5/8 

LENGTH: 2-3/16 

H.P.: 1/500 to 1/200 

SPEED: 3600 RPM 

FULL LOAD TORQUE OZ. IN.: .6 to 1.35 
BEARINGS: Sleeve or ball. 


HOWARD INDUSTRIES, INC., 1796 State St., Racine, Wis., Telephone ME 2-2731, Teletype: RAC344 


Sales Offices: 


Chicago 4, til., 208 S. LaSalle St., CE 6-5126 
Cincinnati 2, O., 1077 Celestial St., PA 1-2985 


Festus, Mo., 1049 Front Street, YE 7-3606 
Camden, New Jersey, 300 Broadway, WO 4-9733 Los Angeles 36, 942 S. La Brea Ave., WE 8-2444 


New York 1, Empire State Bidg., LO 4-7992 
Tyler, Texas, 2512 Sheryl Lane, TY 4-5355 


Representatives in Principal Cities—Consult Your Classified Phone Book 





DIVISIONS: End ELECTRIC MOTOR CORPORATION CYCLOHM MOTOR CORPORATION RACINE ELECTRIC PRODUCTS (Ls) LOYD SCRUGGS COMPANY 


JULY 1959 
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COMPONENTS DESIGN 


Heat Sink for Power Transistor 


Transistor heat dissipator design pro- 
vides transistor temperature reductions 
that permits use of 60% less heat sink 
area. Designed by International Elec- 
tronic Research Corporation after more 
than one and one-half years of research 
and testing, the heat sink’s effectiveness 
in conduction, radiation and convection 
characteristics are shown by the typical 
result obtained with a TO-3 germanium 
type resistor. The transistor, with a 


maximum junction temperature of 90C 
could not be operated at more than 2% 
watts without a means of dissipating its 
The 


generated heat. same _ transistor 








Major component of the heat sink is a 
vertical, cylindrical form with numerous 
radiating fins along the vertical dimen- 
sion of particular depth, radii, fluting 
and number. Core area is a resulting 
mass for primary conduction. Physical 
form and dimensions vary in propor- 
tion to the size dissipator required for 
a particular transistor. A_ shallow- 
rimmed base, of circular shape with 
appropriate mounting holes completes 
the assembly. The base serves as an 
important medium for providing best 
surface-to-surface mounting and maxi- 
mum conduction of heat from the 
transistor to the dissipator. The heat 
sink is available in various heights for 
application to any power transistor in 


a TO-3 case. 


can be safely operated at 10 watts 
when fitted with an IERC heat dis- 
sipator unit on a 2” x 2” aluminum 
plate. In keeping with the small size 
of transistors, the IERC components are 
small, light and especially compatible 
with packaging requirements. 
Circle No. 86 on Inquiry Card 
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RF Receptacle for Printed Wiring 


A simple means of connecting coax 
cable to printed wiring is the “Con- 
heX” Type 3007 receptacle. It is 
made of hex stock with four (4) milled 
studs of rectangular cross section by 
which the receptacle is attached to 
the wiring board by dip soldering. The 
center contact is rigidly held in the 
assembly between two insulators, al- 
lowing no longitudinal or rotating 
movement, and is also soldered to the 
printed wiring on the face of the board. 
Sealectro Corp., Mamaroneck, N. Y. 
Circle No. 134 on Inquiry Card 


High Frequency Inverter 


General purpose inverter for use in 
missiles, aircraft and other applications 
where primary a-c power frequency is 
2000 cps, provides sine-wave power 
from any d-c source without filtering. 
Input voltage: 22-29 volts DC with 
transients per MIL-E-5894A. Output 
voltage: 115 volts +5%, 2000 cps 
+1%, single-phase, 0-50 VA. Wave- 
shape: Sinusoidal with less than 5% 
total harmonic distortion. Regulation: 
Output voltage and frequency within 
above limits for all combinations of 
line and load. Protection: Cannot be 
damaged by overload, short circuit, or 
open circuit operation. Returns to 
normal output immediately upon re- 
moval of overload or short. Size: 3 x 3 
inch base, 4 inches high. Weight: 3 Ibs. 
Operating Temperature: -—20C to 
+85C at mounting base. Heat sink 
required. Vibration: Up to 10G from 
2000-3000 cps. Acceleration: 12G. 
Shock: 40G, 5MS. Atmospheric Pres- 
sure: 0.0 to 30.0 inches of mercury. 
Humidity, dust, sand, fungus and salt 
spray protected as per MIL-E-5272B, 
Procedure 1. Power Sources, Inc., 
Burlington, Mass. 
Circle No. 228 on Inquiry Card 


S-Band Power Amplifier 


Rated at 3 Mw peak, 15 kW average 
power output, the QK622 is a new 
S-band power amplifier stage with wide 
RF bandwidth. This tube supplies full 
power over an operating band of 2900 
to 3100 Mc at efficiencies greater than 
70%. Operating life of more than 1000 
hours at rated power output has been 
demonstrated. Phase stability and pulse 
stability are excellent. No heater power 
is required for starting or during opera- 
tion. The QK622 can be operated at 
reduced peak power level to serve as 
a driver stage. High efficiency is re- 
tained at a peak power output of 600 
kW and gain of 10 db. Raytheon Mfg. 
Co., Waltham, Mass. 
Circle No. 160 on Inquiry Card 


Voltage Reference Maintains 
Standard Cell Stability 


A voltage reference, extremely stable 
over wide variations in input and ep. 
vironment, has a 1-VDC output opera. 
ing into 1000 ohms. It holds this oyt 
put to within +1.2 millivolts over i, 
put conditions from 100 to 130 VAC 
at frequencies from 25 cps to 10,00) 
cps. The 1-volt output is maintaineg 





over an operating temperature rang 
of —55C to + 100C, and any combi; 
nation of specified variations in tem- 
perature and power input. Unit is 
designed to meet MIL-E-5272A. Di- 
mension: 1.75” long x 1.35” dia. Unit 
weighs 3 oz., and mounts in any po 
sition. Regulator is used as a reference 
voltage source in power supplies, 
metering circuits, and strip chart re 
corders. Networks Electronic Corp, 
Van Nuys, Cal. 
Circle No. 187 on Inquiry Card 


Internal Pinion Counter 
For Vertical Scale Applications 


New miniature internal pinion counter, 
for digital displays on airborne fud 
flow indicators, for navigational and 
dead reckoning components and for a 
variety of vertical scale indicating 
panel applications, provides indications 
from 0000 to 9999 with return to 0000 
in one unit increments. It may be sup- 
plied optionally as a three drum count- 
er for three digit indication. Counter- 
clockwise rotation of the right hand 
shaft provides increasing readings; one 
revolution advances or reduces the 
counter 10 units. The unit, conforming 
to MIL-E-5272A, is designed for con- 
tinuous operation at 300° rpm and may 
be operated intermittently at 600 rpm. 
Bowmar Inst. Corp., Ft. Wayne, Ind. 
Circle No. 206 on Inquiry Card 


WORTH BUYING 
Convenient Tables and Formulas 


This book includes 120. pages of con- 
venient tables, formulas and graphical 
symbols summarizing electrical data, 
properties of materials, heat transfer 
and steam information, measurements, 
and other subjects. Price 50 cents. 


Source: Westinghouse Electric Corp. 
Pittsburgh, Pa. 
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This letter moved an engineer ahead 5 years 






Two years ago a man took 10 minutes to write this letter. Today he enjoys the 
responsibility and professional standing in the Autonetics Division of North 
American that might have taken 5 years to achieve elsewhere. 


THE 20TH CENTURY’S MOST INTERESTING OPPORTUNITIES FOR THE CREATIVE ENGINEER 


Now under way at Autonetics are over 100 projects—military and non-military—involving 
some of the most arresting and advanced work to challenge the engineering mind today. 


WHERE IS YOUR FIELD OF INTEREST? 


Inertial Navigation Systems—for aircraft and naval vessels with the organization that success- 
fully flew all-inertial autonavigators more than eight years ago—and whose many-generation 
family of ever-improved inertial systems for manned and unmanned vehicles have made over 
800 successful flights. 


Radars—like the lightweight, monopulse type that guides aircraft to targets through fog and 
darkness and provides all radar functions for both high and low level missions—air-search, 
automatic tracking, ground-mapping and terrain-avoidance. 


Flight Controls—fully automatic and reliable autopilots and landing systems. 


Information Processing Equipment—including airborne magnetic tape recorders, transistor- 
ized analog or digital computers for both the military and industry, and pace-setting numercial 
control systems for three-axis position and path control of machine tools for industry. 


At finger-tip nearness Autonetics has unique experience, advanced tools and techniques plus 
precision machine shops turning out work to millionths of an inch tolerances in both develop- 
mental and volume quantities. 


Opportunities have never been better — at every level of creative engineering from Preliminary 
research and design to Performance test—because Autonetics is one of the few companies 
in the world designing and quantity-producing systems within the complete spectrum of elec- 
tronics, electro-mechanics, control engineering and data processing. 


Write today and tell us what kind of creative engineering interests you (please include high- 
lights of your education and experience). 


Write L. G. Benning, Manager, Employment Services. 
9150 E. Imperial Highway, Downey, California 


Autonetics 


A DIVISION OF NORTH AMERICAN AVIATION, INC, 


Beaeve cenwrregee ew inns ew Tree vwetn tt ae © OR 
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GROUND SUPPORT EQUIPMENT 


Count-Down Monitoring of 
Multiple Voltage Power Supplies 


ICBM launchings require precise, multiple-voltage power 
supplies to insure proper function of myriads of components, 
including fuel pressures, valve control and guidance system. 
Monitoring must be fast, positive and highly accurate. 
Helipot Division of Beckman Instruments, Inc. has de- 
veloped such a monitoring package for the Titan ground 
support system. It provides semi-automatic “go, no-go” 
indication and response for the voltages on a 3-phase, 400 
cycle, 115-volt, a-c and 28 volt d-c power supply. Voltage 
of each a-c phase is monitored by an individual expanded 
scale meter to an accuracy of +0.1%; the d-c circuit is 
monitored to +1%. Ken McCoig of Helipot’s Equipment 
Engineering Section explained the design principles ap- 
plied in this system. 

The system employs meter relays manufactured by As- 
sembly Products, Inc., and uses a standard meter movement 
with the addition of high and low limit contacts mounted 
on adjustable pointers. Contact pointers may be individually 
adjusted to desired high- and low-limit values. Locking 
coils, wound on the same form as the regular meter moving 
coil and connected in series with the meter contacts, aug- 
ment the meter movement contact pressure. Contact pres- 
sure is increased by closure of a contact that causes rela- 
tively heavy current flow through the locking coil. 

Figure 2 shows a typical indicator circuit. In this the 
phase is determined by one inductive and two resistive 


Sésonse 8 TOR 





Fig. 1 All four meters use relay movements to control 
green “In Limits” and red “High” and “Low” warning 
lights. In addition, two lights display ““AC Phase Sequence” 
and another pair indicate either a “High/Low” or “In 
Limits” summation of all monitored voltages. High and low 
limits are easily set to any point over the meter range. 
When the entire power supply is operating within the preset 
limits, all green warning lights glow continuously. If any 
of the monitored voltages are out of limits, the red summa- 
tion light glows and the particular section at fault is pin- 
pointed by its own warning light. All lights and relays 
operate from an independent 115-volt source and can be 
duplicated at a remote location. 
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FIG. 3 BASIC CIRCUIT 




















Fig. 2 In a typical indicator circuit with the meter MI 
reading within limits, interrupter relay K3 is closed. If 
phase sequence is correct, phase sequence relay K5 and 
summation relay K4 are also closed. Green “In Limits,” 


“Summation,” and “Phase Sequence” amps are illuminated. 


Should the monitored voltage exceed low or high limits, load 
relays K1 or K2 will close, activating the associated red 
warning amp and also breaking the ground return circuit 
for K3 and K4. The opening of the interupter relay, K3, 
is delayed by its parallel capacitor for approximately one 
second. When K3 opens, the supply voltage to relays KI], 
K2 and K4 is removed, permitting the closed load relay to 
open. At the same time, the locking coil circuit opens, 
allowing the meter to sample the monitored voltage. Open 
ing of the closed load relay restores the ground return to 
relays K3 and K4. After a brief charging period, relay K3 
closes, restoring voltage to the load relays and summation 
relay. If the monitored voltage is still out of limits, the 
appropriate load relay will again close and the entire cyele 
will repeat. The action will continue with the appropriate 
red and green lamps flashing alternately until the monitored 
voltage returns within limits and relay K3 closes. 

Relay K4 operates the summation indicators, powering 4 
red summation lamp when open. This relay also has a 
charging circuit consisting of a large capacitor, a diode and 
a resistor. The charging rate and relay closing time is 
determined by a series resistor and the capacitor shunting 
the relay coil. The diode in series with the capacitor permits 
charging current to flow into the capacitor, but prevents 
the capacitor from discharging through the relay. Summa- 
tion relay K4 therefore responds instantly, opening and 
giving a red summation warning when its ground return is 
broken by the closing of any meter load relay. Since the 
capacitor across K4 cannot discharge through the diode, 4 
separate discharge path must be provided. This is accom- 
plished by another set of contacts on the interrupter relay 
K3. When relay K3 is closed, it supplies operating current 
to summation relay K4. When K3 opens, it discharges the 
capacitor through a low value of resistance. The longer 
closing time required by K4 prohibits it from pulsing along 
with K3, and the green summation lamp will not illuminate 
until approximately two seconds after K3 stops pulsing, 
i.e., after all monitored voltages have returned 1 
“In Limits.” 
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L DESIGN 


Fig. 3 The meter scales are expanded to cover the desired 
Yrange by employing a non-linear bridge. Monitored voltage 


drives the bridge, which in its simplest form contains two 
linear and two non-linear arms. 


arms connected across the 3-phase voltage lines. One of 
the resistive arms includes a relay, and arm values are 
selected to close the relay when phase sequence is correct, 


| and open it (or keep it open) when phase sequence is in- 
‘correct. The phase sequence relay (K5) operates a red 


or green lamp in the same manner as the summation relay, 
and has a set of normally open contacts in series with the 
voltage supply to K4. Therefore, in order for the summation 
relay to close and show a green light the phase sequence 
must be correct and all monitored voltages within limits. 

All meter load relays as well as summation and phase se- 
quence relays, have an extra set of single-pole double-throw 
contacts which are wired to receptacles in the rear of the 
chassis. These contacts are completely isolated from the 
other chassis circuits, and may be used to control external 
indicator lamps, relays or other devices. For ease of main- 
tenance, plug-in components are used wherever practical. 

Circle No. 77 on Inquiry Card 
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Fig. 4 EI plot of the bridge arms shows that at some 
voltage E,, current through the linear and non-linear ele- 
ments will be equal and the meter shows no deflection. An 
increase in applied voltage unbalances the bridge and de- 
flects the meter until full scale deflection occurs at Eo. Full 
seale meter range then becomes E; to Eo. Selection of com- 
ponents determines the expanded scale range. In the Titan 
monitor, the d-c meter scale is expanded across a 22-to 34- 
volt range, and the a-c meter across 110 to 120 volts. 
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Fig. 1 Flow-rate sensor consists of an impeller and a 
stationary turbine. The impeller is driven through a mag- 
netic coupling at a constant speed by the synchronous motor. 
As the fluid enters the instrument, the rotating impeller 
gives it an angular momentum or twist. The fixed turbine 
removes this momentum and in doing so receives a torque 
proportional to the mass rate of flow. Magnetically coupled 
linkage transmits this torque to the gyro-integrating 
mechanism where it is applied around the minor axis of 
the gyroscope causing the gyro to rotate about its major 
axis at a rate proportional to the torque and thus to the 
mass rate of fluid flow. This rotation is transferred through 
a gear train to the cyclometer register where the mass flow 
is totalized and indicated in pounds. 





Fig. 2 Cutaway view of the G. E. mass flowmeter showing 
elements of the flow-rate sensor, magnetic coupling between 
fixed turbine and integrating mechanism, and the gyro 
integrator to the cyclometer register. The gear train output 
actuates a contact device which can be used to make or break 
an electrical circuit. The electrical pulses can be used to 
actuate various auxiliary equipment such as ticket printers, 
registers, etc. at remote locations. The gyro motor and im- 
peller motor run synchronously and operate from a com- 
mon power supply. Thus nominal line-frequency fluctuations 
(plus or minus five percent) will affect their speed in 
exactly the same proportion and the gyro precession rate 
will still be in exact proportion to the mass flow rate. 
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“TRUE MASS” FLOWMETER 
MEASURES FLUIDS IN POUNDS 


The long search for a practical industrial instrument to 
directly measure liquid and gas flow in pounds has resulted 
in development of a “true mass” flowmeter, according to a 
joint announcement by General Electric and Black, Sivalls 
and Bryson, Inc. The simple, low-maintenance device pre- 
cisely measures the weight of flowing fluids with high 
accuracy over wide ranges of flow rate, pressure, temper- 
ature, and density without additional measurements and 
corrections for these variables. The new instrument incor- 
porates several basic contributions to flowmeter technology, 
One is a small gyroscope which directly and automatically 
totalizes flow in a novel manner. Another is a flow-rate 
sensor, consisting of a constant-speed impeller and a 
stationary turbine arranged for axial flow. 

The impeller gives a twist to the fluid stream and the 
fixed turbine straightens the stream. The amount of torque 
exerted on the turbine when removing the twist is pro- 
portional to the mass rate of flow. The gyro integrates 
this torque with respect to time, and the output is con- 
tinuously summed up on a cyclometer dial in pounds. A 
marked advantage of this sensing and integrating system, 
is its ability to operate from an unregulated power supply 
without any measurable effect on meter accuracy. 

First production units of the General Electric instrument 
—expected to be available early in 1960—will meter many 
industrial fluids including naptha, gasoline and other hydro- 
carbon liquids, refinery and natural gas, oxygen, and nitro- 
gen, and liquefied hydrocarbon gases. 

Pointing up the significance of the new device, Mr. 
Parker, General Manager of General Electric’s Instrument 
Dept., noted that the pound is a fundamental fluid measure- 
ment unit used by many industries as a basis for figuring 
costs, regulating blending operations, measuring yields, de- 
termining energy or BTU content, or metering bulk loading 
operations. However, up to now, commonly used methods 
of determining fluid flow by mass have first required a 
measurement of fluid volume which must be manually or 
automatically corrected for such variables as fluid temper- 
ature, pressure and density to determine pounds. 

Manual methods are cumbersome, time consuming and 
leave room for human error; automatic correction systems 
are relatively complex and present additional maintenance 
problems. 

In contrast, Mr. Parker explained, the General Electric 
flowmeter—sensing mass directly—requires no in-between 
calculations, is completely self-contained weighing about 
100 Ibs., and is designed for long, maintenance-free opera- 
tion. This inherent simplicity and the high accuracy (plus 
or minus one percent of reading) of the flowmeter under 
changing conditions, Mr. Parker noted, make the instrument 
ideal for those applications where fluids are or should be 
measured by weight. 

The flowmeter is also compatible with automation, since 
it emits a series of electrical pulses, each representing a 
given weight of fluid. This signal can be used to operate 
auxiliary equipment such as remote counters, printers, and 
totalizers. 

Looking beyond present applications, Mr. Parker indi- 
cated G.E. is continuing development work to adapt the 
basic flowmeter to measurement of other gases and liquids. 
These are expected to include light gases such as hydrogen 
and helium as well as high-temperature, corrosive and 
cryogenic fluids—steam, acids and liquid oxygen. 

Black, Sivalls and Bryson, Inc. of Kansas City, Missouri, 
will market the flowmeter in the natural gas industry. They 
cooperated with G. E. in the development of the meter and 
handled its proving out for measurement of natural gas. 

Circle No. 80 on Inquiry Card 
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CURRENT NULLING SERVOS 


Parallel Summation in Servo Computer Circuits 


Parallel summation circuits offer some unique and highly 
desirable characteristics for servo computer applications. 
James W. Berkovec of John Oster Manufacturing Co. 
recommends use of these circuits to supplement the char- 
acteristics of voltage nulling servos and points out their 
advantages. Fig. 1(a) shows the use of parallel summation 
in a simple potentiometer-type repeater. The Thevenin’s 
theorem equivalent circuit of Fig. 1(b) suggests the basis 
fer simple calculations. Fig. 2 extends the application of 
parallel summation to the case of multiple inputs and 
follow-ups. 

The basic null condition occurs when the sum of all 
currents (input and feedback) at the amplifier input point 
equals zero. In Fig. 1(a), for example, at null, 

Vi\/ Ry = V./ R, 

Obviously, the overall gain and the individual input and 
output scale factors depend upon the values of the sum- 
mation resistors. For maximum power gain where a transis- 
tor or magnetic amplifier requires a finite power input, a 
transformer may be used to match equivalent source re- 
sistance at the summing point R,R,/(R, + R,) in Fig. 1(b) 
to the amplifier input impedance. 

A variety of interesting functional relationships are con- 
veniently generated in parallel summation servos: 

1. The individual input summary resistors may be re- 
placed by potentiometers to provide special input functions. 

2. Nonlinear potentiometers may be installed in one or 
more of the shaft-driven output circuits to provide a 
variety of nonlinear functions readily adjustable by chang- 
ing the summation resistors. 

3. Slight nonlinearities may be generated by parallel 
summation of the outputs of a linear and a nonlinear 
potentiometer through appropriate resistors. 
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. Fig l(a) Parallel Summation 
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Fig 1(b) Equivalent Circuit Parallel Summation Servo 


4. A complex nonlinear function may be generated by 
dividing up the function among several follow-up potenti- 
ometers. 

Errors in parallel summation circuits depend directly 
upon the accuracy of the summing resistors. It is some- 
times difficult in high-impedance circuits to find re- 
sistors of sufficient accuracy and stability over a wide 
range of ambient conditions. The output impedance of 
the potentiometer, which varies with the shaft position, 
must be considered as part of the summing resistor cir- 
cuitry. 

On the other hand, parallel summation provides flexi- 
bility, the convenience of a common ground, simple scal- 
ing adjustment, and adaptability to many variables. 














Fig 2 Parallel Summation Servo 
with Multiple Inputs and Follow-Ups 
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MACHINE TOOL DRIVE 


Auto transformers and Silicon 
Rectifiers Form Variable 
Speed Drive 


Lathes for tool and gage makers de- 
mand a variable speed power source 
for the spindle that provides an easily 
adjustable range of speed for the mini- 
mum transmission equipment. Among 
the variety of variable speed drives 
now available are variable pitch 
sheaves, hydraulic motors, regulated 
eddy-current clutches, wound rotor 
motors and d-c shunt motors. Of these, 
d-c shunt motors operating from a 
variable voltage source for the arma- 
ture and with shunt field control offer 
the most advantages. W. A. Means of 
Barber-Colman in Rockford, Illinois, 
discussed the advantages and disad- 
vantages of some of these drives at 
Westinghouse’s 23rd Annal Machine 
Tool Electrification Forum. Here’s his 
description of Barber-Colman’s solu- 
tion to the problem by combining 
variable autotransformers and _ silicon 
rectifiers. 


The basic requirements for the drive 
were: 


@ The drive should have a Shp rat- 
ing with a maximum of horsepower 
over as wide a range as possible. 


Fig 1 Addition of transformer, 2T, 
limits the minimum field voltage. Re- 
sistor R3, added in series with the field, 
provides adjustment at maximum speed, 
eliminating the need for an adjustable 
mechanical stop on the rotation of the 
autotransformer. Starting and stopping 
the machine is accomplished by switch- 
ing the a-c input to the armature recti- 
fier. Reversing is done through a 
push-pull drum switch, which provides 
starting, stopping and reversing from 
a single lever control. Mechanical inter- 
locking of the drum switch is combined 
with contactor M so that the contacts 
of the drum switch are never required 
to make or break armature current, 
since the drum switch is pushed to stop 
the machine, breaking the circuit to M 
which closes the dynamic break circuit 
on resistor R5. Enough breaking has 
been provided so that the motor will 
be stopped before the operator is able 
to move the lever to the reverse position 
and to apply power again by re-ener- 
gizing the main contact M. Relay FR 
provides field loss protection since 
coil is in series with the field. Its con- 
tact FR-1 is in series with the coil of 
contactor M. Auxiliary contacts M-5 and 
M-6 on contactor M provide for in- 
creasing the field voltage to maximum 
when stopping the machine, and pro- 


@ The drive should be a combined 
control using a d-c shunt motor, with 
field and armature control adjustable 
from a common shaft. 

@ Power supply components should 
be of sufficient size to permit opera- 
tion at 200 percent of capacity for 
short intervals. 

@ The control should be as simple 
as possible, involve no electronic de. 
vices and use only equipment that js 
familiar to, and easily understood by 
maintenance personnel. 


@ The control should be rugged 
enough for production toolroom sery- 
ice while maintaining the performance 
required in precision tool and gage 
making. 

A combination of variable autotrans. 
formers and silicon rectifiers was se. 
lected because it serves as a very 
simple d-c voltage source. Over the 
past few years the development of 
semiconductor rectifiers has been ver 
rapid and their high efficiency, small 
size and decreased cost have made 
them an attractive means for d-c rectifi- 
cation. 

Variable voltage for speed control 
requires a means of varying the a- 
voltage in addition to silicon rectifiers, 
After use in electrical laboratories for 
fifteen or twenty years, variable auto- 
transformers now have been improved 
sufficiently to withstand industrial serv- 
ice. They serve as a rugged, simple 
variable a-c source. Thus, by combi- 
nation of these two devices, Barber- 
Colman engineers obtained a_ very 
simple and efficient power supply; 


SCHEMATIC DIAGRAM 
SILICON RECTIFIER VARIABLE SPEED CONTROL 
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vide for full field voltage when starting. 
Resistor R-4 limits the regenera 
voltage produced when the field is 
strengthened rapidly, by rapidly de 
creasing the contro] from high 

to low speed. It also serves as a 

to limit the impedance of the armature 
rectifier, suppressing any transient 
voltages produced by switching tran 
formers on the supply lines. 


ELECTROMECHANICAL DESIGN 











4ULY 195 


ymbined 
or, with 
|justable 


should 
t Opera- 
city for 


simple 
nic de. 
- that is 
tood by 


rugged 
mM. serv: 
ormance 
id gage 


itotrans- 
was se 





a very 
ver the 


ment of 
en ver 
y, small 


e made 
-c rectifi- 


control 
the a-c 
-ectifiers, 
ories for 
yle auto- 
mproved 
rial serv- 
, simple 
+ combi- 
Barber- 
a very 
supply; 











TO ENGINEERS 


concerned with inner space 
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When there’s no space to spare in your 
design, consider AE Class S relays. A basic 
Class S measures only 1%6” x 154” x eo” and 
weighs only 2 ounces. 


Or, if you need a stepping switch, we have 
one no larger than a pack of king-size 
cigarettes. 


Relay or switch, they’re as uncompromising 
in quality and ability as their larger brothers. 


As an example: the Class S miniature has 
many of the features of the premium-quality 
Class B-including sure-footed independent 
twin contacts. 

There’s another way we can help on the space 
problem. AE engineers have had years of 
experience in devising simplified circuits 











with complex capabilities for automatic tele- 
phone exchanges. Could be we could show you 
how to save a relay or two in your design. 
No harm in asking. 


Or, if you’d like to put the switching end of 
the operation in our hands, we’re equipped 
to supply completely wired and assembled, 
custom-built control units or help you develop 
systems to handle anything from sequential 
programming to... you name it. 


Want to get together? Just write the 
Director, Control Equipment Sales, Auto- 
matic Electric, Northlake, Illinois. If you’d 
like literature ask for our Circular 1702-E: 
Relays for Industry, and the new 32-page 
booklet on Basic Circuits. 


AUTOMATIC ELECTRIC 


Subsidiary of 
GENERAL TELEPHONE & ELECTRONICS <a) 
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a 
WESTINGHOUSE 
LIMITEMP 


Indicating Temperature Control 


AL — ty comm | Racecar nee 


s 





Limitemp* is a new, medium-priced control device that is ideal for 
monitoring or controlling temperatures between 100° F and 400° F. 
Controller may be used to indicate temperature and sound an 
alarm if temperature exceeds the preset point. A few applications 
include windings of large rotating machines, bearings, process 
temperatures and controlling temperatures in critical areas such 
as nuclear controls. 

Limitemp employs magnetic and semiconductor elements of 
proven reliability; therefore, no vacuum tubes, no moving parts, 
no contacts . . . nothing to wear out. 


LIMITEMP CHARACTERISTICS: 

INPUT: 115 volts, 60 cycles OUTPUT: 24 volts d-c at 5 watts 
TEMPERATURE RANGE: 100° F to 400° F—40° C to 200° C 
INDICATION: Dual-scale calibrated meter and pilot light 
ACCURACY: Setting +1%, indicating + 2%, bandwidth2% ofrange 
COMPACT: 4 in. wide, 8% in. high, 6 in. deep 


GET ALL THE FACTS... write Westinghouse Electric Corporation, 
Director Systems Dept., 356 Collins Avenue, Pittsburgh 6, Pa. 
Complete information on the new Westinghouse Limitemp will be 


sent to you by return mail. J-01008 
*Trade-Mark 


You CAW BE SURE...1F 11's \ Vestinghouse 


WATCH “WESTINGHOUSE LUCILLE BALL-DES! ARNAZ SHOWS" CBS TV MONDAYS 
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SYSTEMS DESIGN 


good regulation was achieved by the 
inherently good regulation of the auto. 
transformer and the low forward-volt- 
age drop of the silicon rectifier. 

To achieve good regulation of a d-c 
motor, it is necessary to compenste in 
some manner for its IR drop. The 
method devised to accomplish this was 
to add an additional a-c voltage to the 
a-c voltage supplied to the rectifier 
from the variable autotransformer. This 
was found to be feasible as the com- 
pensation voltage required was only 
15 to 20 percent of the rated armature 
voltage. Correspondingly, the power 
requirements of the compensating cir- 
cuit components are also 15 to 20 per- 
cent of the rated capacity of the drive. 

Figure 1 is a schematic of the drive 
which uses a 650-rpm, 120-volt, d-c 
shunt motor, controlled from 2600 rpm 
to 650 rpm by field control, and from 
650 rpm to 65 rpm by armature con- 
trol. The supply is single phase, with 
a main power transformer provided to 
transform the line voltage to the 120 
volts required. This 120 volts is sup- 
plied to the armature autotransformer. 
Output of the autotransformer is added 
to the voltage supplied by the sec- 





Fig 2 A requirement for the drive was 
that the control be easily adjusted from 
a knob operating a common shaft. 
Operation of the two autotransformers 
requires some mechanical couplings if 
full rotation of both is to be used. The 
two must also operate in the proper 
sequence. Starting at low speed, the 
armature autotransformer variable tap 
is turned through its complete rotation 
until the maximum armature voltage is 
reached and the motor is operating at 
base speed. At this point, the field auto- 
transformer tap is rotated to decrease 
the field voltage until the end of its 
rotation is reached and the motor is 
operating at maximum speed, An 
auxiliary gear provides a multiple 
number of revolutions of the adjusting 
knob. This allows the operator to make 
small speed adjustments which would 
be difficult if the total adjustment 
were crowded into less than one 
revolution. 


ELECTROMECHANICAL DESIGN 
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ondary winding of transformer 1T3 and 
then fed to the a-c input of the arma- 
ture rectifier. This voltage is rectified 
and supplied to the armature of the 
motor; the voltage of the transformer 
1T3 is determined by the voltage on 
its primary windings, 1T1 and 1T2, 
which are in series with the saturable 
reactor windings, ISR1 and 1SR2. 
Voltage on the primary windings, 1T1 
and 1T2, will be dependent upon the 
impedance of the reactor windings 
1SR1 and 1SR2. With no current in 
its control winding, 1SR3, the im- 
pedance of 1SR1 and 1SR2 is high. 
Therefore, most of the line voltage 
will appear on the reactor windings, 
1SR1 and 1SR2, and only a small part 
on the compensating transformer 1T1 
and 1T2. 

Thus, when operating at light loads 
the motor will be supplied with the 
rectified voltage of the output of the 
autotransformer. As the loading on 
the motor increases and the increased 
armature current flows through the 
reactor control windings 1SR3, the im- 
pedance of the reactors 1SR1 and 1SR2 
is decreased, causing the voltage across 
the transformer 1T1 and 1T2 to in- 
crease. The increase in voltage on the 
transformer windings 1T1l and 1T2 
increases the voltage on its secondary 
1T3. This produces an increase in the 
a-c voltage supplied to the armature 
rectifier, and consequently, an_ in- 
crease of voltage to the armature of 
the motor. This increase in voltage to 
the armature with increase in load can 
be made to compensate for the IR 
drop of the motor, thereby maintain- 
ing almost constant speed as the load 
is varied. 


Circle No. 75 on Inquiry Card 


Coaxial Adapter Kit 


A new kit of adapters between coaxial 
cable connectors, packaged in a trans- 
parent plastic box, includes eleven 
adapters covering most connectors in 
common use. Kit price $16.95. Dage 
Electric Co., Beach Grove, Ind. 

Circle No. 126 on Inquiry Card 


WORTH FILING 
System Testing Concept 


64-page brochure describes a System 
Testing Concept in terms of partici- 
pating test groups: Test Planning, Test 
Methods, Production Test,- Quality 
Control, Reliability Groups and other 
groups concerned with testing electri- 
eal circuitry. It contains criteria for 
an ideal test system and a suggested 
test system flow diagram. 

Source: DIT-MCO, Inc., Electronics Div. 


Kansas City 5, Mo. 
For your copy: Circle No. 232 on Inquiry Card 
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GUARDIAN 


General Telephone 
Purpose Type 


RELAYS 


Ne PO ————— 






yours 
with complete 
details 





Catalog “B” Catalog “C” ~ 


The appearance of new Guardian catalogs is always 
greeted with eager anticipation by the world’s most critical 
users of electromagnetic controls. For Guardian relays tradi- 
tionally express the fullest measures of progress in relay engineer- 
ing, design, and highly reliable performance. Now—the news about 
Guardian General Purpose and Telephone Type Relays commands 
the attention of those whose responsibility it is to specify or buy the 
most applicable relays. Completely detailed information por- 
trayed in these catalogs will guide your selection with 
accuracy. We invite you—request Guardian Catalogs 
“B” and “'C” on your business letterhead. 





Series 2100. 





Series 220 


Series 1200 


Series 595 


Series 695 -T 


Aend b/p specifications on your application for specific recommendations. 


GUARDIAN 1G] ELECTRIC 


MANUFACTURING COMPANY 
1641-H W. WALNUT STREET, CHICAGO !2. ILLINOIS 
CIRCLE 18 ON INQUIRY CARD 
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NEW TECHNIQ 





Random Motion Test Techniques 


Methods for Compensating System Resonances 


In Part 1 of Components Digest 4, Environmental Testing, 
March 1959, we described equipment for simulating ran- 
dom and complex wave vibrations which constitute severe: 
environments for reliable airborne equipment. We also 
pointed out that compensating for resonances in the vibra- 
tion exciter and specimen is a major problem not only in 
the design of the simulation equipment but also as factors: 
in the testing procedures. To give test engineers a fuller 
understanding of this problem we asked Mr. G. B. Booth, 
Chief Electronics Development Engineer of MB Elec- 
tronics, Inc., a subsidiary of Textron Industries, Inc. to de- 
scribe the nature of these resonances and techniques for 
their compensation. : 

Given a varying voltage signal representing a specified 
complex wave vibration, the problem is to drive a vibration 
exciter and specimen to follow the specified motion. If 
power amplifiers are used directly to drive the exciter, gain 
of the system (ratio of table and specimen acceleration to 
input voltage) varies greatly with frequency. The theoreti- 
cal acceleration response of a random motion test system in 
Fig. 1 shows that nowhere is the gain constant through any 
range of frequency. Equalizers are required to obtain a flat 
response. Adjusting the gain of the equalizers to the inverse 
of the vibration exciter results in a constant system gain. 


PRESENT EQUALIZATION TECHNIQUE 


The block diagram on Fig. 2 shows the basic elements in 
a complete random-motion vibration testing system using 
the present method of equalization. The upper part of the 
system produces the desired excitation signal. The following 
elements of the system reproduce a table motion with 
predictable relationship to the input signal. Monitor cir- 
cuits finally indicate or record the performance of the ran- 
dom-motion system. 

The excitation signal is fed into one or more peak-notch 


equalizers in series, one equalizer for each peak and notch. 


combination caused by a specimen resonance. Following the 
peak-notch equalizers, the signal passes through an exciter 
equalizer comprising two sections. A mid-frequency section 
compensates for the lower broad-band resonance at “a” in 
Fig. 1 and a high-frequency section compensates for the 
sharp axial resonance at “B” in Fig. 1. 

The equalized signal then goes through a low-pass filter 
which limits frequency to the equalization range and then 
to a displacement limiter where the signal is limited so that 
the table displacement cannot exceed the design limits of 
the vibration exciter. Any errors in adjusting previous sig- 
nal-determining circuits will not damage the equipment. 

It is convenient to place by-pass switches on all the cir- 
cuit elements preceding the displacement limiter, so that 
each element of the signal-determining network can be 
adjusted and placed into the operating system in sequence. 
A number of signals—up tg 120—can be drawn from various 
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Fig 1 The theoretical acceleration response of a 
vibration exciter with a resonant specimen. An 
adjacent notch and peak, representing a single 
specimen resonance, appears at frequencies “N” 
and “P”. Equality between the inductive imped- 
ance of the driver coil and capacitive impedance 
of the table result in a resonant peak at the 
frequency “a”. The frequency “8” is the axial 
resonance in the high-frequency range. An _ in- 
crease in effective mass at the point “N” produces 
an abrupt reduction in acceleration and a sharp 
notch in the frequency characteristic. Above the 
point “P”, the specimen mass becomes isolated 
from the table and an increase in acceleration level 
results exactly as if the table were unloaded. The 
expression below the graph gives the acceleration- 
voltage ratio as a function of frequency “®”, The 
first two terms represent the response of the 
exciter in the mid-frequency and high-frequency 
ranges, while the last term represents a peak-notch 
resonance response due to reflected forces de- 
veloped by the specimen. Since these factors are 
independent multipliers, we can add to the ex- 
pression as many peak-notch factors as are neces- 
sary to account for all degrees of freedom in the 
specimen. The resonances which occur do not 
represent poor design but are simply unavoidable 
phenomena in both the exciter and specimen 
which must be overcome in equalizing a random- 
motion vibration testing system. 











points in the random-motion system and fed to a signal 
monitor where required information is supplied to the 
various pieces of output instrumentation. 

The three curves in Fig 3 were taken from actual trac- 
ings in tests on a specimen. The topmost curve is the 
entirely unequalized acceleration-voltage ratio as a functiom 
of frequency up to 2000 cps. In addition to mid-frequency 
resonance at about 120 cps and high-frequency resonance’ 
at 2000 cps, there are three sharp specimen resonances at 
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Figure 2 


740, 1200, and 1600 cps. A 2000 cps low-pass filter restricts 
the frequency range. 

With the peak-notch equalizers inoperative, the center 
curve in Fig 3 shows the vibration in the acceleration- 
voltage ratio when the exciter resonances have been fully 
equalized. The nature of the specimen resonances have not 
been affected. In the lowest of the three curves in Fig 3, 
the two exciter resonances and three specimen resonances 
have been equalized. Three separate peak-notch equalizers 


_ have been adjusted to eliminate the effect of specimen 


resonances on the exciter response. Although some residual 
effect of resonance still remains, the response varies less 
than 3 db or about +15 per cent as compared to an original 
range of about 300 to 1. 

Since mid-frequency and high-frequency resonances are 
produced by independent phenomena, equalization of each 
in the exciter equalizer must also be independent. The 
curves in Fig 4 are actual tracings of the equalizer char- 
acteristic in “db” as a function of frequency for five differ- 
ent settings of the mid-frequency control. For this demon- 
stration the high-frequency control is constant with a notch 
at about 2000 cps and the damping controls are fixed. Con- 
tinuous adjustment of the mid-frequency control while 
observing the output signal at the exciter table can attain 
an optimum setting that closely matches the shape of the 
mid-frequency peak. The equalizing curves show very much 
the same affect on exciter response as a varying table mass. 

Similarly, the response of the high-frequency section of 
an exciter equalizer is given in Fig 5 for a constant setting 
of the mid-frequency control. The equal‘zing notch can be 
shifted continuously to match the peak of axial resonance. 


_ Passing the unequalized signal through the equalizing cir- 


cuits of Fig 4 and Fig 5—each represented by respective 
multiplying factors in the expression in Fig 1—will produce 


_ the required equalized characteristic after proper adjustment 
_ of the mid-frequency and high-frequency control. It is evi- 
_ dent that the over-all frequency response is essentially 


constant. 

The response of a particular peak-notch equalizer to 
changes in the notch frequency control is shown in Fig 6, 
in which the damping controls are fixed. This control varies 
the notch frequency, the ratio of peak to notch gain, and 
the mass offset in the manner described by the last term 
of the equation in Fig 1. 

To further illustrate the equalization function, Fig 7 
shows the response with the peak and notch damping con- 
trols simulatenously adjusted without varying the peak or 
notch frequency controls. The response is as would be pre- 
dicted by a variation of the damping factors “£,” and “Cp” 
in the equation of Fig 1. 
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UNITED ELECTRIC has designed the D98 and E98 units to 
automatically and sensitively control the temperatures of 
gases, liquids and hot plate applications where explosive 
vapors and gases are present. Both units feature external, 
calibrated temperature adjustments. The E98 adjustments 
are made by a single-turn adjustment knob and pointer, 
while the D98 has a multiple-turn, micrometer type ad- 
justment. 





Temperature Ranges ....] Type D98 — 300° or 550° F between 
limits of —150° and +-650° F. 
Type E98 — 100° or 200° F between 


limits of —150° and +650° F. 
Various shapes and sizes of thermal 
assemblies available. | Completely 


liquid-filled bellows, bulb and capil- 
lary assembly. 





Thermal Assemblies... .. 





Switch Ratings........ 15 amps. at 115 or 230 volts AC, also 
20 amps. or DC switches on specifica- 


tion. 


N.O., N.C., or Double Throw, no 


neutral position. 





Switch Types......... 





Electrical Connections... .| Two, 34” NPT conduit openings in 
enclosure. Internally-located terminal 


block. 

914” x 534” x 31%" — weighs approx. 
8 Ibs. 4 oz. 

Class I, group D and Class II, groups 


E, F and G explosion-proof enclosures; 
cast iron base, aluminum cover. 





Size & Weight ....... ‘ 








ON-OFF Fixed, uniform throughout specified 
Switch Differential... ... range. 





Surface mounted in any position by 
mounting holes in each corner of base. 





UNITED ELECTRIC manufactures a complete line of tem- 
perature, pressure, and vacuum controls, UE will gladly 
modify or custom-build a unit to meet your specifications. 
Consult a UE application engineer today. 







Write for Bulletin No. 3-1 for complete 
D98 data or 


® Bulletin No. 3-5 for complete E98 data. 


United tlectnic contrass 
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SOUTHWEST 
Td a8 


SELF-ALIGNING 
BEARINGS 


PATENTED U.S.A. 
All World Rights Reserved 





CHARACTERISTICS 


RECOMMENDED USE 


For types operating under high 
temperature (800-1200 
degrees F.). 


For types operating under 


ANALYSIS 


1 Stainless Steel Ball 
and Race 


high radial ultimate loads 

( -893,000 Ibs.). 

For types operating under 
normal loads with minimum 
friction requirements. 


2 Chrome Alloy Steel 
Ball and Race 


3 Bronze Race and 
Chrome Steel Ball 


Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Rod end types in similar size 
range with externally or internally threaded 
shanks. Our Engineers welcome an opportunity 
of studying individual requirements and pre- 
scribing a type or types which will serve under 
your demanding conditions. Southwest can 
design special types to fit individual specifica- 
tions. As a result of thorough study of different 
operating conditions, various steel alloys have 
been used to meet specific needs. Write for Engi- 
neering Manual No. 551. Address Dept. EMD-59 


ST PRODUCTS CO. 


MONR VIA ALIF RNIA 


SOUTHWE 


‘ 
N 7 N rf 
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EQUALIZER ADJUSTMENT 


To adjust the equalizers, the amplifier and vibration exciter 
are turned off and the output is fed through the equalizers 
and conversion circuits to an X-Y plotter. The exciter and 
specimen resonances are equalized by adjusting the equal- 
izing controls until the motion of the X-Y plotter pen, lifted 
from the paper, now plotting equalizer response only, fol- 
lows the original trace for the actual acceleration-voltage 
ratio of the unequalized exciter system. As soon as the 
controls are adjusted so that the pen follows the line, the 
equalization process is complete. If the equalizers are now 
connected in series with the exciter in the normal manner 
of Fig 2, the equalized response of Fig 3 is obtained. 

The limiters, spectrum shaping, and signal inputs are 
adjusted and the level raised to that specified for the test. 


NEW EQUALIZATION TECHNIQUE 


The block diagram of Fig. 8 illustrates the new equaliza- 
ton technique, called random band equalization, in gen- 
eralized form. The blocks at the upper left represent noise 
bands of adjacent frequencies. Each of these blocks is fol- 
lowed by an adjustable attenuator. Outputs of the many 
attenuators are added in a power amplifier which feeds the 
vibration exciter and specimen. The resulting acceleration of 
the exciter and specimen is fed to the analyzer. Filters at 
the input of the analyzer correspond to the original noise 
bands. Output of these filters is sequentially selected by a 
commutator and presented on a monitor. A common monitor 
might be an oscilloscope screen with frequency along the 
horizontal axis and acceleration density in the vertical di- 
rection. On this screen would appear a series of dots rep- 
resenting the magnitude of the acceleration density for the 
various analysis or generate bands. To equalize the system, 
the operator adjusts the attenuator corresponding to each 
dot to obtain the desired level. 

This new technique has advantages over the one now in 
use. It is also possible to monitor the results of a test while 
the test is proceeding and to modify the level to take care 
of changes in the system that occur during the test. 

The system presents problems, however. The analysis 
bands must be narrow. If they are wide, the operator can- 
not equalize for normal resonances, For example, if a speci- 
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General Electric’s Heavy Military Electronics Dept. 
AWARDED CONTRACT FOR 


Systems Integration, Engineering, and Management of... 


AIR WEAPONS CONTROL SYSTEM 212L 


>xciter 

alizers PROGRAMMING * Mititary COMMUNICATION Systems * Rapar Systems * Weapons ControL 

r and 

equal- Systems * Evecrronic Circuitry * INpustriaAL & Mivitary PsycHo.ocy. 

lifted 

y, fol- 

oltage @ Working in close cooperation with tire continent. Designed for both 

s_ the the USAF, it is Heavy Military’s re- fixed and mobile applications, the 

e, the ii ; ae ; OTHER FAR-RANGING 

waa sponsibility to integrate all subsys- 212L will be used primarily outside cinta ne 

anner teate ~~ tae acquisition, communica- the U. S. since the SAGE system is nheue murine 
tions, data processing and display— _ used for the defense of this country. 

is are plus various defensive weapons into At the present time additional 

> test. a well coordinated and efficient oper- HMED 1S ALSO DESIGNING far-ranging programs are being 
ating system. THE “HEART” OF THE SYSTEM pursued in diverse and impor- 

VERSATILE AIR CONTROL In addition to its prime mission of tant areas at HMED: 

aliza- APPLICATIONS Therevolution- providing systems management, : ; 

gen- ary 212L can be used to defend a HMED will design, develop and pro- ‘ tess See eee 

er single airfield, or, by linking control duce the data processing and dis- * Shipborne Radar 

many sites together, it could be used in a _ play subsystem which is the “heart” - Underwater Detection Systems 

ls the limited action to provide air control of the 212L. Capable of rapidly and + Missile Guidance 

ion of for an area the size of Alaska. Simi- automatically detecting and tracking ¢ Data Handling Systems 

ve at larly, by linking the capabilities of air targets, the subsystem operates ¢ Communications 

a countries together, a system could be —_ without human assistance, except un- 

ynitor provided for the air control of anen- der unusual circumstances. *s 

y the 

il di- Saeed 

rep- Individuals with experience in systems analysis or specific equipment 

r the design in the areas listed above are invited to forward their resume 

stem, in complete confidence to Mr. George Callender, Div. 29-MG 

each 

ww in HEAVY MILITARY ELECTRONICS DEPARTMENT 

while 

+ GENERAL ELECTRIC 

ilysis Court STREET Syracuse, N. Y. 

can- 

peci- 


SIGN. 





A _universal electronic control system to meet the vast problem of Air Defense 





outside of the Continental United States 





Systems-oriented engineers and scientists will appreciate the broadband technical challenge of the 


Air Weapons Control System 212L. There are important openings for men who are experienced in: 


Weapons Systems ANALysis * MATHEMATICAL ANALYSIS OF ENGINEERING PRoBLEMS * COMPUTER 














WRITE DIRECT OR CIRCLE 21 ON INQUIRY CARD AND INCLUDE HOME ADDRESS 














Can Tiny Bearings “Take It"? 


MPB pivot bearings can. Smaller than 4” O.D., 

a single bearing can withstand severe shock, thrust 
and radial loads, and constant vibration — performs 
faultlessly with low frictional torque. 


Write MPB, Inc., 1307 Precision Park, Keene, N.ri. 


NFB helps you perform miracles in miniaturization 





MINIATURE PRECISION BEARINGS INC. 
CIRCLE 22 ON INQUIRY CARD 











FIBROUS SILICONE RUBBER 


e High permeability 
e Excellent compression — deflection 
e Outstanding compression set 
e Good tensile and tear strength 
e —65°F to 500°F temperature range 
COHRlastic FSR is a new and unique silicone rubber product. The aes 
and random orientation of silicone fibers provides many useful pro 
superior to silicone sponge and foam. It should be extremely suitable for 
many applications including shock and vibration isolators, cuihiena, thar 
mal insulators, high temperature press tral moldings, etc. 
COHRiastic FSR is being introduced in sheets 1/4” thick, 9” wide, 6” long, 
and in a density of 20 ibs./cu. ft. As ceatiaaiions develop, COHRlastic 
FSR will be made in continuous lengths, larger widths, different thick- 
nesses and various densities in the range of 15-25 Ibs. /cu. ft. 
FREE SAMPLE and data — oe phone, or use inquiry service 
in fabrication of silicone rubber products. 


(GR) connecticut HARD RUBBER 


Main Office: New Haven 9, Connecticut 
CIRCLE 23 ON INQUIRY CARD 
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Top to bottom: Figs. 4, 5, 6 and 7. 
ELECTROMECHANICAL DESIGN 
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Figure 8 


men has a Q of 50 @ 500 cps with 12 percent of the mass 
being decoupled from the table the peak to notch ratio is 
30 db and the peak frequency would be 530 cps. Since 
both the peak and the notch would fall within a single band 
the operator would be unable to reduce the spread in equal- 
ization. In addition, the operator would be fooled since 
the monitor would obscure the deficiencies of the equaliza- 
tion method. He would see a spot position representing the 
average value of the entire band and would not realize that 
portions of it were lower and others higher in value. 

If the bands are narrow the system can be designed to 
overcome the above deficiencies. But how narrow should 
the band be to be satisfactory? If the specification requires 
a +3 db equalization then for the same example (a Q of 
50 @ 500 cps with a mass isolation of 12 percent and 30 
db spread in 30 cps) since we need to reduce the magni- 
tude of each discontinuity to 6 db, we would need 5 filters 
with bandwidth of 6 cps each. A plus or minus 3 db equal- 
ization would thus require 330 bands. Frequently labora- 
tories can accept a plus or minus 5 db tolerance. If we use 
this specification for our example we need only 3 filters 
with a bandwidth of 10 cps each. In this case 200 bands 
would be required. Although this is just an example, its 
implications are fairly typical. If a Q of 50 is assumed to 
occur, and this has been demonstrated in practice, a band- 
width of 10 cps will restrict the peak to notch ratio to a 
plus or minus 5 db almost independently of the mass being 
isolated. 

This requirement of at least 200 bands presents the major 
problem of the new technique. The 200 knobs are difficult 
to adjust and the various filters should be sharp if the ad- 
justments of the knobs are to be indevendent. In addition, 
the response of the monitor would be sluggish. For example, 
if 10 cps bandwidths are used the response time must be 
in excess of 3 seconds if the wiggle of the spot is to be 
held to total spread of 2 db, which approaches the tol- 
erance on the band. This means that three seconds would 
elapse between the time the operator tries to readiust the 
attenuator and the time that the spot moves 60 per- 
cent of the way to the new position. If four adjustments 
per attenuator are required and the time per band is 
about % minute, and if adjustment of all 200 bands are 
required, total adjustment time would be 1% hrs. 

This problem can be solved by making adjustment of the 
attenuators automatic. This could be done by comparing 
the output of each analysis filter with the desired value for 
that band and using the error to actuate a servo to rotate 
the desired attenuator. For 10 cps bandwidths 200 such 
servos could simultaneously adjust all of the attenuators in 
a few minutes. Minor problems that might arise due to the 
action of more than one servo on a single resonance can 
undoubtedly be solved. The cost could be reduced by using 
fewer servos successively, but this would increase the time 
required for equalization. 

Circle No. 102 on Inquiry Card 
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3 New Relays 


Hi-G, Inc., who early this year moved into their new build- 
ing comprising 22,000 ft. of air-conditioned area ideally 
suited to manufacture of precision relays, recently an 
nounced availability of 3 new relays: 


1) ESS series hermetically sealed relay developed to 
meet vibration of 20G to 2,000 cps with a sensitivity of 
80 mw in a 2 PDT unit. Coil resistances as high as 36,000 
ohms are available. Contacts are rated at 2 amperes re- 
sistive for life of 100,000 cycles. Relay enclosure is ap- 
proximately 1” square and 1%” high. Suitable for use at 
ambient temperatures up to +125C. 2) Double-ended 
4 pole double throw relay approximately 5%” diameter 
which may be used as an in-cable assembly, with coil 
leads connected, both ends internally. Uses two parallel, 
magnetically isolated structures and one common coil. 
Suitable for use under vibration of 20G to 2,000 eps. 
Contacts rated at 2 amperes resistive at 28VDC or 115 
VAC for life of 100,000 cycles. Case length approxi- 
mately 1%”, diameter %”. 3) Type B relay with crystal 
case meets all requirements of Military Standard drawing 
MS-24250. Available as type BR, with internally mounted 
silicon rectifiers for use at 400 cps AC or higher. 


Contact rating is 2 amperes at 28 VDC or 115 VAC for 
a life of 100,000 cycles. Suitable for vibration of 30G to 
2,000 cps minimum. 

Hi-G uses a balanced rotary type armature which they 
have found to be the best design for resisting extremes of 
vibration and shock. In addition, they do not use springs 
to return the armature. Molybdenum contact leaves fur- 
nish the return force, allowing full use of magnetic force 
for contact pressure. 

In relays rated for over 5g vibrations, Hi-G uses a per- 
manent magnet to eliminate resonant vibrations that may 
occur in the armature under unenergized conditions. This 
Alnico V magnet doesn’t fatigue as does a spring. 

As the relay is energized effect of the permanent magnet 
is reduced! Using these techniques, Hi-G has produced re- 
lays for operation under 50g vibration to 1000 cps. 


Circle No. 124 on Inquiry Card 


WORTH FILING 
Magnetic Tape instrumentation 


Twenty-four page catalog describes and illustrates Honey- 
well multichannel magnetic tape system for laboratories, 
test cells, telemetering recording and other precision ap- 
plications. Extensive performance specifications are given 
for transports, FM PDM, Direct and Digital tracks. 

Source: Minneapolis-Honeywell Regulator Co. 


Beltsville, Md. 
For your copy: Circle No. 109 on Inquiry Card 


WORTH FILING 
Ferrite Devices 


New bulletin gives detailed specifications for over 35 de- 
vices which include circulators, high-power isolators, broad- 
band test equipment isolators and complete ferrite duplexer 
packages. The ferrite isolators cover S-band through V-band; 
the circulators cover C-band through Ka-band; and the du- 
plexers, X-band through Ka-band. The ferrite duplexers are 
custom matched, tube to circulator, to insure optimum per- 
formance. 

Source: Microwave Associates, Inc. 


Burlington, Mass. 
For your copy: Circle No. 107 on Inquiry Card 
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PRECISION GYROS 





A Proven Kearfott Capability. The increasing use of Kearfott gyros and gyro platforms 
in today’s missile programs, underscores the company’s leadership in gyro design and production. 
Such missile projects as the Atlas, Bomarc, Polaris, Snark, Subroc and Talos rely on Kearfott 
gyros or gyro platforms, as do the majority of manned aircraft now in service. 


FLOATED RATE INTEGRATING 
GYROS. High accuracy miniature 
gyros specifically designed for missile 
use. The performance characteristics 
of these gyros are superior to any 
comparably-sized units available to- 
day. Hermetically sealed within a 
thermal jacket and ruggedly designed 
for adaptability to production meth- 
ods. These gyros operate efficiently at 
unlimited altitudes. More precise per- 
formance characteristics can be pro- 
vided in the same dimensions. 


VERTICAL GYROS. Provide accu- 
rate vertical reference in the form of 
two 400 cps synchro signals propor- 
tional to the sine of gimbals’ dis- 
placement about pitch and roll axes. 
Gravity-sensitive vertical reference de- 
vice provides electrical signals directly 
to torque motors which maintain gyro 
spin axis perpendicular to earth’s sur- 
face. Hermetically sealed, they are un- 
affected by sand, dust, sun, rain, salt 
spray, humidity or fungus conditions 
as specified in MIL-E-5272A. 


FREE GYROS. Provide extremely ac- 
curate reference in the form of elec- 
trical output signals proportional to 
displacements about outer axes. With 
360° of freedom about outer axes 
(inner axis freedom depends on the 
unit involved), these gyros may be 
mounted to give output signals of 
either pitch, roll or yaw. Shock and 
vibration resistant, they are equipped 
with quick-starting motors for appli- 
cations in high performance inissiles 
and aircraft. 


SPRING RESTRAINED RATE 
GYROS. Almost universally appli- 
cable in missile and aircraft designs 
demanding precise angular rate mea- 
surements in environments of extreme 
shock and vibration. Fluid filling pro- 
vides added. immunity to shock and 
vibration, reduces bearing friction in 
AC types and potentiometer wiper 
friction in DC types. Kearfott design 
advances permit 30 second warm-up, 
overcome fluid viscosity variations re- 
sulting from ambient temperature 
change. These gyros are single-degree- 
of-freedom, viscous damped, spring 
restrained, with gimbals supported 
by precision bearings. Compensatory 
damping mechanisms eliminate need 
for accessory heaters. 


Roll Stabilized 


Directional Gyro Gyro Reference 





Engineers: Kearfott offers challenging opportunities in 
advanced component and system development 


- KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
A subsidiary of General Precision Equipment Corporation 
t 
Sales and Engineering Offices: 1500 Main Ave., Clifton, N. J. 
is ; i 


3 Gyro—4 Gimbal 





TYPICAL CHARACTERISTICS 


Damping: 
Ratio of input angle to 
output angle is 0.2 
Characteristic Time: 
.0035 seconds or less. 


Weight: 0.7 Ibs. 


Warm-up Time: 
10 minutes from—60°F 


Mass Unbalance: 
Along Input Axis: 1.0°/hr 
maximum untrimmed 
Standard Deviation (short term): 
Azimuth Position: 0.05°/hr 
Vertical Position: 0.03°/hr 
Drift Rate Due to 
Anisoelasticity: Steady 
Acceleration: .015°/hr./g? 
maximum 
Vibratory Acceleration: 
.008°/hr./g? maximum 





ife: 
1000 hours minimum 





TYPICAL CHARACTERISTICS 


Repeatability to Established Vertical: To within a cone 
of half angle equal to 15 minutes of arc (+ 8 minutes 
typical). 

Free Drift Rate in 5 minutes Time: 2.5° maximum at 
room temperature. 3.75° at —54°C and + 71°C. 

Erection Rate: 2.5°/Min. 

Initial Erection: The gyro will erect to within + 1° of 
established vertical in 60 seconds time after application 
of power at room temperature . 

Vibration and Shock: The gyro will meet above char- 
acteristics after vibration of 0.060” total excursion 
cycling between 10 CPS and 55 CPS for 4.5 hours. Shock 
test in accordance with MIL-E-5272A Procedure 2. 

Operating Life: 1000 hours minimum. 





TYPICAL CHARACTERISTICS 


Free Drift Rate: Within 0.5° in one minute time. 

Shock: The gyro operates satisfactorily without damage after 
60g shock of .015 seconds duration. 

Hermetically Sealed: These instruments are hermetically 
sealed and are not affected by sand, dust, sunshine, rain, 
humidity or fungus conditions. 

Operating Temperature Range: Gyros operate in ambient 
temperatures below —20°C to + 100°C. A maximum of 
3 minutes of operation at 400°F will not damage these 
gyros nor impair their accuracy. 

Weight: 5.5 lbs. approximately. 





TYPICAL CHARACTERISTICS 


Maximum Rate (°/sec.): 45-1000 
Natural Undamped Frequency (cps) (+ 10%): 16 
Damping Ratio (of critical) over Temperature Range? .35 
to .80 
Operating Temperature Range (°F): —65 to +185 
Vibration: 12 g’s @ 20-2,000 cps 
Shock (Motor Running): 60 g’s tor 6.5 
milliseconds 
Warmup Time (Sec.): 30 
Weight (Ibs.) (max): 


1.5 
Gyro Time Constant (Sec.): O12 
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Midwest Office: 23 W. Calendar Ave., La Grange, Il. 
South Central Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253/N. Vinedo Avenue, Pasadena, Calif. 


25 Pound Inertial 
Platform 


CIRCLE 24 ON INQUIRY CARD 
ELECTROMECHANICAL DESIGN 
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ELECTRICAL SHIELDING TAPE 


Quieting ‘‘Crosstalk”’ 


Inter-communications wire “crosstalk” 
—a nuisance under any circumstances, 
and one that is particularly hazardous 
in aircraft—now can be virtually elimi- 
nated through use of a new electrical 
shielding tape called “Metalshield”, 
introduced by the Dobeckmun Co., 
a division of the Dow Chemical Co. 

“Crosstalk” results from inductance; 
‘ie., the leakage of sound or conver- 
‘sation from one line to another. Its 
‘effect is a rise in static and back- 
ground noise, which in some instances 
_ approaches jamming proportions. Natu- 
rally, when occupants of an aircraft 
moving at a speed faster than sound 
are unable to communicate properly 
either with one another, or with a 
ground station attempting to warn 
them of, say, a sudden weather 
change, the chances of an accident are 
significantly higher. 

“Metalshield,” according to James 
Flynn, Dobeckmun’s electrical product 
manager, is not only far more effec- 
tive in preventing inductance than 
other shielding materials, such as 
braided copper wire, but also over 50 
percent smaller, roughly 34 percent 
lighter and substantially easier to 
apply. 

All these factors, he points out, are 
of considerable importance to any in- 
dustrial or commercial user of inter- 
communications equipment. A particu- 
larly pertinent example, he adds, is the 
fact that a jet aircraft requiring less 
space for communications equipment 
can hold more fuel per trip, with a 
consequent increase in flying range. 





“Metalshield” is produced first by lam- 
inating 0.00035” aluminum foil to 
0.0005” Mylar, Dupont’s polyester film, 
then by slitting to desired widths. The 
firm chose these thicknesses to fulfill 
strength needs and assure proper ten- 
sions in winding machines, Heavier 
gages of Mylar or foil can be used when 
deemed necessary. 


As to why “Metalshield” is more 
effective than other shielding applica- 
tions in preventing “crosstalk,” Mr. 
Flynn notes that braided copper wire, 
for example, when wrapped around a 
set of communications wire, does not 
provide a solid cover, thus permitting 
a certain amount of inductance, and, 
therefore, “crosstalk.” “Metalshield- 
ing,” on the other hand, can be applied 
in a solid wrap, directing all induced 
currents to a drain wire, which can 
be soldered or bolted to a ground. 

Circle No. 81 on Inquiry Card 





Zirconium-Copper Alloy 


| A new zirconium-copper alloy has been 
“developed that possesses excellent 
conductivity and _ high - temperature 
strength properties. Applications in- 
clude fine wire, resistance welding 
wheels and tips, rectifier bases, rotor 
_wedges, studs for x-ray tubes, and 
electronic tube side rods. A_ typical 
'bar of this alloy, cold-worked 60% 
and aged for one hour at 400 C, ex- 
hibits the following: tensile strength, 
63,000 psi; yield strength, 59,000 psi; 
elongation, 12%; and electrical con- 
ductivity, 90-95%. At 400 C, the short 
time tensile strength is 46,500 psi. 
. Additional cold-working will increase 
the strength of AMZIRC alloy without 
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sacrificing ductility and electrical con- 
ductivity. Endurance tests show it to 
be far superior to unalloyed copper. 
The high softening temperature of 
AMZIRC alloy permits welding, braz- 
ing and silver-soldering. Silver plating 
is also practical with only minor modifi- 
ctions in procedures. Billets cast with 
the new alloy are free of inclusions 
and flaws — hence have better hot and 
cold workability. A new brochure de- 
scribing properties and end uses of 
AMZIRC alloy has just been published. 
This eight-page booklet, illustrated 
throughout with charts and graphs, is 
available upon request to: 

Source: American Metal Climax, Inc. 

New York, New York 
For Your Copy: Circle No 246 on Inquiry Card 
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Librascope 


Shaft-to-digital 
encoders meet 
rigid requirements. 


Librascope shaft encoders meet and 
surpass rigid requirements of air- 
borne analog-to-digital translation. 
Shock, vibration and temperature 
extremes do not affect their continu- 
ous, noise-free operation. 


THEY’RE DIRECT: A simple one-step 
means of digitizing analog data. 
THEY’RE RELIABLE: Multi-million 
turns at high speeds with constant 
contact resistance. 

THEY’RE VERSATILE: 14 basic models 
in wide range of capacities; special 
function codes built-in to simplify 
computer requirements. 


For full details on Librascope 
encoders write for Catalog E11-1 










OUTPUT TOTAL RESOLUTION 
CODE CAPACITY PER TURN 


10 bits (1024) 1024 
128 








PARALLEL} 740 








BINARY 743 13 bits (8192) 
(LINEAR) 
707 7 bits (128) 128 
: oar 713 13 bits (8192) 128 
(LINEAR) 717 17 bits (131,072) 128 
- 719 19 bits (524,288) 128 
SERIAL 757t | 7 bits per quadrant* 512 


(4 quadrants) 
fIN-Cos) | 758t | 8 bits per quadrant*| 1024 

















(4 quadrants) 

723 2,000 200 
a 
DECIMAL D 

20 734 36,000 200 
extol Se 360,000 200 
GRAY 708 8 bits (256) 











@AIl models available with internally mounted 
isolation diodes for sequential multiplex- 
ing applications. 

tAvailable in ry! sealed servo- 
driven package as Models 757-S and 758-S. 
*including limit 1 and polarity information. 
Sine and cosine functions generated simul- 
taneously and independently. One turn of 
shaft generates 4 quadrants of information. 
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A SUBSIDIARY OF GENERAL PRECISION EQUIPMENT CORPORATION 
LIBRASCOPE, INC. Commercial Division 
100 East Tujunga Avenue e Burbank, California 
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New center screwlock connectors 
for heavy duty applications 








WITH CLOSED ENTRY CONTACTS 


Continental’s new center screwlock connectors are de- 
signed with high dielectric and mechanical strength for 
heavy duty applications in aircraft and electronic equip- 
ment. Features include a double lead thread screwlock, 
stainless steel reinforcing channels riveted to plug and 
receptacle, closed entry contacts and positive polarization 
through guide pins and sockets. At present the body is 
molded from glass filled Diallyl Phthalate, but 


tive shells will be available soon. 


VISIT US AT SAN FRANCISCO WESCON SHOW, BOOTH 402 


Youw’re always sure 


other compounds as well as hoods and protec- D with 


Closed Entry Socket Contacts are spring temper Beryl- 
lium copper, gold plate over silver plate. They provide 
increased reliability and maintain a low millivolt drop 
under constant and uniform insertion pressure. Pin con- 
tacts are brass with gold plate over silver plate. 


For full details on Continental’s new Series 1900 center 
screwlock connectors, write DeJUR-Amsco 
Corporation, 45-01 Northern Boulevard, Long 
Island City 1, N. Y. (Exclusive Sales Agents) 


UUR electronic components 


MANUFACTURED BY CONTINENTAL CONNECTOR CORPORATION, AMERICA’S FASTEST GROWING LINE OF PRECISION CONNECTORS 
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ELECTROMECHANICAL DESIGN 
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RF Connectors 


Cable for RF transmission is generally 
coaxial, comprising a central conductor 
surrounded by a concentric braided 
shield. A suitable dielectric, frequently 
air, separates the two. RF connectors 
terminate coaxial cable, to interconnect 
RF circuits. Connections are required 
between the braided shield and central 
conductor, and the corresponding por- 
tions of the connector. In most popular 
connectors the cable braid retention 
device constitutes the main mechanical 
anchorage between cable and con- 
nector. Pull strength as well as most 
of the selection factors applied to MS 
connectors as described previously, are 
applicable to RF connectors and must 
be so considered. 


Figure 1 shows an Amphenol con- 
nector and illustrates some of the de- 
sign features required to maintain good 
electrical contact, high holding force, 
and a minimum interference with the 
flow of RF power. In this type con- 
nector it is necessary not only to achieve 
a satisfactory electrical connection at 
high frequency, but at the same time 
to preserve the cable impedance char- 
acteristics. Electrostatic and_ electro- 
magnetic shielding as well as a uniform 
distribution of parameters are impor- 
tant. Any discontinuity in coupling sets 
up reflections which introduce distor- 
tion and power losses and interfere with 
the flow of RF power. Portions of the 
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CONNECTORS 
PART II 





TABLE | 
Military Specifications for RF Connectors 


MIL-C-71A Series N RF connectors 
MIL-C-3989 Series C RF connectors 
MIL-C-3608 Series BNC RF connectors 
MIL-C-3643 Series HN RF connectors 
MIL-C-3655 Series UHF RF connectors 
MIL-C-3650 Series LC RF connectors 





output energy are reflected back to the 
transmitter. The voltage standing wave 
ratio (VSWR) is a measure of reflec- 
tions introduced by the connector. A 
value of unity indicates the absence of 
such reflections. A figure greater than 
unity indicates their presence. The 
VSWR must be as close to unity as 
possible, and is a measure of quality, 
particularly above about 100 Mc. 

For circuits requiring matched im- 
pedance, it is necessary to continue the 
cable geometry directly into the con- 
nector. Provision is made for continua- 
tion of the cable shield as well as the 
contact pin through the connector with 
minimum change in diameter. In ap- 
plication the cable dielectric must be 
in firm contact with the dielectric of the 
connector insert, since an air gap here 
introduces an impedance discontinuity. 

RF connectors are available in an 
assortment of configurations to match \ 
standard RF cable. Military specifica- TP oon 4 
tions which cover most RF connectors Fig 1 Subminiature RF jack by 


are listed in Table I. Amphenol illustrating important 
Design requirements on RF connect- design features. 
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ors emphasize miniaturization and re- 
liability. The behavior of solderless 
connections is still a matter of contro- 
versy at the high end of the RF spec- 
trum (thousands of megacycles). Con- 
nectors have been designed using 
crimping techniques to both the center 
conductor and its concentric shield. It 
has been argued that strains imposed 
during crimping may introduce local- 
ized discontinuities in the cable dielec- 
tric. Soldering on the other hand calls 
for considerable skill to avoid damag- 
ing the cable dielectric by overheating. 
Figure 2 shows several cable fastening 
methods employed by manufacturers. 


The selection of RF connectors is 
based to a large extent upon circuit re- 
quirements, power handling capacity, 
upper frequency limit, matching im- 
pedance and voltage rating. Addi- 
tional selection factors include minia- 
turization and environmental require- 
ments. An assortment of suitable con- 
nector cable combinations are generally 
available from which to choose to meet 
both electrical and non-electrical re- 
quirements. Adapters and couplings 
allow interconnection between connec- 
tors of different types, or meeting at 
various angles. 


PROBLEMS ON RF CONNECTORS 


Michael D. Lazar, Connector Design 
Manager of Burndy Corp. divides co- 
axial connector problems into three 
categories: those problems inherent in 
the use of solder; those involved in 





Fig 2(b) Special coaxial cable con- 
nector by Barker and Williamson pro- 
vides water-tight coaxial connections 
for antennae. 
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connecting the shield; and high as- 
sembly cost. 

Mr. Lazar elaborates on the first two 
of these factors as follows: 


Solder 

e A “cold solder joint” is indistinguish- 
able from a good one, and it is unre- 
liable. 

e The heat of soldering the inner 
conductor or the shield may melt or 
burn the inner conductor insulation. 

e A solder joint leaves a point of stress 
concentration on the inner conductor, 
which can lead to failures in handling 
and service in the fine conductors (28 
to 30 ga) used so widely in today’s 
miniature coaxial cables. 

e Fluxes and the problems of cleaning 
may precipitate corrosion of the con- 
nection. 

e The conductors and parts are so small 
that a high degree of operator train- 
ing and skill is required. Often the 
soldering of the inner conductor must 
be done under magnification to insure 
a good rate of success. 

e Quality varies with the individual 
operator. 


Shield Connections 


e The screw-type devices which hold 
the shield in contact with the outer 
element may loosen due to vibration 
causing RF noise in a circuit. 

e Excessive pressure on a screw-type 
device may twist and break strands 
from the shield. 

e Where contacts are permanently 
fixed into panels or mounted in close 
proximity to one another, there may 
be insufficient room for the operator's 
fingers to make proper connections on 


the shield. 


e The screw type coupler is bulky, 

Burndy is among the strong expo- 
nents of crimping and snap-lock tech- 
niques in making electrical connec- 
tions. They list the advantages of these 
techniques as embodied in their recent- 
ly introduced Hyfen coaxial connector 
(see Fig 3). 


Crimping they say provides the fol- 


lowing: 

e Uniform connections through the 
use of ratchet-controlled tools with 
durable steel dies. 

e Physical measurement of the crimp 





Fig 2(c) Quick-Crimp BNC’s. A complete new series of crimp-type BNC connectors 
featuring simplicity of assembly and improved electrical and mechanical character- 


istics. Courtesy of Amphenol. 








Fig 2(a) Fittings by Andrew Corp. for 
% inch flexible air dielectric cable. 


t 


Fig 2(d) Polarized twin contact BNC 
type bulkhead mounting receptacle and 
plug designed for use with RG-108A/U 
twin conductor cable. Courtesy of 
Amphenol. 
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Fig 3(a) Flange mounted coaxial cable connector. Burndy coaxial Hyfen con- 
nector used in individual flange mounted applications, provides for crimp 
connections with snap-lock assembly. Figure shows (top) coaxial cable to twisted 
pair connection, (center) coax cable splice, and (bottom) exploded view of 


connector components. 
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Fig 4(a) Coaxicon for quick operate splice for coaxial cable. 


provides an easy and accurate microm- 
eter check of each connection. 
¢ No heat is used. 
e Noise-free performance tested up to 
150 Mc frequency after severe environ- 
mental conditions. 
¢ Low resistance plating maintained 
unbroken, providing high corrosion re- 
sistance. 
* Depth of indent control eliminates 
possibility of damage to conductor 
strands. 
® Relatively unskilled operators make 
quality connections after a minimum of 
training. This contributes to low in- 
stalled cost. 
¢ Diameter of assembled connector is 
maintained close to the cable diameter 
due to elimination of screw-types coup- 
lers. 

Snap-locked contacts, Burndy engi- 


neers say, provide these advantages: 


* Contacts may be installed to cables 


wherever convenient prior to final as- 
sembly of harnesses to connectors. Con- 
nectors may be pre-mounted to equip- 


ment prior to assembly with harness. 

® Ability to make changes conveniently 
provides for greater flexibility in wiring. 
® Low installation cost due to snap-in 
simplicity. 

*® Damaged contacts may be snapped 
out and replaced without replacing the 
complete connector. 
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® Inspection of connection is simplified 
by easy inspection of sub-assemblies 
prior to final mounting. 

Also employing crimping techniques 
AMP, Inc. has developed their Coaxi- 
con splices to provide a quick connect/ 
disconnect splice for coaxial cable. 
Figure 4(a) shows how the splice is 
simply effected, while Fig 4(b) illus- 
trates the details of internal construc- 
tion. A precision tool crimps both 
center conductor to contact and outer 
braid to splice shell in one stroke. 
The special construction prevents vari- 
ations in crimps to assure uniform at- 
tachment. 

The debate on solder vs. solderless 
connections is still going on. It is 
claimed that 
e Solderless or crimped connections 
may cause noise after wide temperature 
cycling due to non-uniform coefficients 
of expansion. A corrosive atmosphere 
may oxidize metal surfaces during the 
cyling process where the connection 
may shift somewhat. This is impossible 
with solder. 

e Crimping on an RF shield may de- 
form the cable dielectric introducing re- 
flections. 

e Many soldering problems are over- 
come by resistance soldering similar to 
resistance welding, but with the intro- 
duction of solder. Heat is applied only 
at the contact point, avoiding burning 


Fig. 3(b) Burndy semi-automatic high 
speed crimping tool installs magazine 
fed contacts for Hyfen applications. 


PL a 
es Se 


Fig 4(b) Details of simple splice by 
AMP for coaxial cable. 


of insulation. This is a good production 
process. 


e Solder joints generally provide less 
reflection to microwave frequencies. 


Printed Circuit Connectors 


The increasing importance of printed 
circuits and modular packaging in the 
fabrication of electronic equipment 
has led to the development of an assort- 
ment of printed circuit connectors. Due 
to newness of this type connector as 
well as the large quantities used, much 
attention is being paid to proper appli- 
cation to secure necessary reliability. 
Some printed circuit connectors are 
shown in Figs 5 through 7. The initial 
selection factor is based upon the 
board thickness which the connector 
is required to match. 

The factors involved in selecting 
printed circuit connectors are much 
the same as for conventional connectors 
although the nature of the structure 
limits certain performance features. 
Particularly compact is the one piece 
connector where plug contacts are 
printed directly on the circuit board. 
The simple arrangement of contacts, 
one alongside the other lacks the ver- 
satility of the two dimensional array 
in MS connectors. However, heavy 
power terminals are rarely required. 
Higher contact resistances, many mil- 
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lions, are generally the rule. Endurance 
of good contact resistance for repeated 
insertions and withdrawals is relatively 
poor in comparison with other con- 
nector types. Tolerances on_ board 
thickness and close control of warping, 
especially with moisture and extreme 
temperature, become important factors, 
especially with one piece connectors. 

Printed circuit connectors are usually 
suitable for dip soldering on printed 
circuit boards, or for conventional wir- 
ing techniques. Polarity is maintained 
by polarizing pins or slots in the con- 
nector. More than one polarizing pin 
may be used to “code” boards in an 
assembly. For maximum contact life, 
guides may be provided so that the 
printed circuit board enters a one 
piece connector squarely. 

RF coaxial sockets are available for 





Fig 5(a) A protective taper tab enclo- 
sure has been designed into this 15- 
contact Continental printed circuit con- 
nector to prevent the possibility of 
bending, twisting or shorting the con- 
tacts during assembly. The _ special 
molded body is an integral part of the 
connector and assures uniform spacing 
of contacts. Contact terminations ac- 
comodate “AMP 78” taper tab re- 
ceptacles for solderless wiring. 


Mm i 























Fig 5(b) Enlarged view of solderless 
terminals to show detail. 
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attachment to printed circuit boards. 
These may be suitable for dip-soldering 
but, in view of the force exerted when 
a plug is removed, additional supports 
to the board are provided. 

A special variety of printed circuit 
connector has been designed to provide 
test points for checking out an elec- 
tronic test subassembly. These are 


assembled to the printed circuit board 


ence on this subject. This report en- 
titled “Preparation of Standards and 
Test Procedures for Printed Cir- 
cuits” contains, in addition to a labora- 
tory evaluation of many types of 
printed circuit connectors, a summary 
of a questionnaire sent to both manu- 
facturers and users of printed circuits. 
The object of this questionnaire was 
to determine the reliability of printed 
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sually board as determined by the require- by producers of electronic equipment, 
rinted | ments of the application. The variety thereby generating an undeservedly at General Electric’s 
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1 one Air Development Center and con- _ selves cannot determine the causes of and scope seldom met in industry: 
ducted by Stanford Research Institute connector failures. pier aia 
dle for 4 constitutes an important basic refer- The report continues that manufac- --t0 find total solutions to specific 
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polarizing pin and mating slot. 









Fig. 7 Miniature terminal block by 
Kulka for making connections between 
external wiring and printed circuit 
boards, Recessing alternate screws as 
shown permits extremely compact spac- 


Derense Senn Department 
Fig 8 Continental Test Point Connector. A Department of the Defense Electronics Division 
Test points can be conveniently located 


at any position on the printed circuit 





Iderless 





ing. The entire connector unit is 
mounted on the board by dip-soldering 
the pins (not shown) within the con- 
nector mounting holes. 
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board for easy test take off points. 
Socket contacts are spring temper 
phosphor bronze, gold plate over silver 
plate. 
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Fig 9(a) Continental “Bellows” con- 
tacts showing the variety available to 
suit required orientation as well as 
manufacturing techniques. 


turers of connectors felt that one-part 
printed circuit connectors are not in- 
herently less reliable than any other 
types of connectors, and that any 
difficulties experienced in their use 
could probably be rectified by im- 
proved connector design and, par- 
ticularly, proper connector use. Con- 
nector users are not predominantly in 
favor of any particular type of con- 
nector. No trend away from use of 
one-part connectors is evident. The two 
most popular types of contacts used 
in one-part connectors are those 
stamped from sheet stock and those 
made from convoluted metal ribbon. 
A trend away from stamped contacts 
was indicated, however, because of 
damage to the inserted foil contacts by 
sharp edges, and relaxation of contact 
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Fig 9(b) Detail of connector contact by AMP. 


pressure due to stressing of the con- 
tacts above their elastic limit. 

As a result of a survey of printed 
circuit manufacturers, a number of 
conclusions were reached. 

@ The most used printed circuit base 
materials are paper, phenolic lami- 
nates, and glass-epoxy laminates, cop- 
per-clad on two sides. The most used 
based material thickness is 1/16 inch. 


@ Gold-plating is the most frequently 
used plating over printed circuit con- 
ductor patterns; plated solder is a close 
second. These platings are used _pri- 
marily to reduce oxidation during 
storage and to enhance solderability. 

@ Dipped-tin component leads and 
gold-plated terminals are preferred be- 
cause of enhanced shelf-life and _ sol- 
derability. 

@ Lead-tin solder containing 60 per- 
cent tin is by far the most popular 
for both hand and dipped soldering. 


e@ Although no single factor tends to 
completely control solder joint quality, 
soldering temperature was frequently 
listed as an extremely influential factor. 


@ The most frequently and _ success- 
fully used types of component lead 
terminations on printed circuit boards 
are: shoe-type eyelets, flared tubular 
eyelets, plain holes with clinched 
wires, semi-tubular rivet terminals, 
through-plated holes. 

Some of the conclusions based upon 
connector tests are: 

Contact resistance appears to be a 
good measure of connector perform- 
ance—plug insertion and withdrawal 
force is much less so, showing less 
consistent results and _ considerably 
greater scatter in comparison to the 
contact resistance data obtained. 

Contact resistance is an inverse func- 
tion of contact pressure and plug 
insertion and withdrawal forces. (Fric- 
tion coefficients also effect plug forces 
however). Low contact resistance can 
be achieved by using very stiff con- 
tacts which create high contact forces. 
Such contacts, however, usually create 
problems such as excessively high plug 
insertion force (particularly in con- 
nectors which contain many contacts) 
and torn foil contacts on one-part con- 
nector plugs. 

Generally speaking, one-part con- 
nectors displayed higher and more 
scattered values of contact resistance 


than either two-part or composite con- 
nectors. This is probably attributable 
in part to the following factors: 

@ Both of the mating contacts in two- 
part and composite connectors are 
normally plated with gold or gold al- 
loy. One-part connector receptacle con- 
tacts are usually similarly _ plated; 
however, the contacts on  one-part 
connector plugs are normally plated 
with a relatively hard metal, which has 
a much higher electrical resistivity than 


gold. 
@ Contact pressures (and, conse- 
quently, contact resistance) in two- 


part and composite connectors are 
primarily dependent upon the mechan- 
ical and physical properties of the 
contacts. Contact pressures in one-part 
connectors, on the other hand, depend 
not only on the contacts, but also upon 
the ability of the printed circuit board 
plugs to support the contact forces 
without suffering excessive amounts of 
plastic deformation beneath the con- 
tacts. These forces must be carried over 
indefinite periods of time and; in some 
instances, in environments of mechan- 
ical shock and vibration and/or ele- 
vated temperatures. 

Composite connectors suffered less 
increase in contact resistance during 
the various tests than did one-part or 
two-part connectors. This superior be- 
havior in the contact resistance of 
composite connectors existed in spite 
of their lower than average plug-inser- 
tion forces. Composite connectors, how- 
ever appear to be more subject than 
the other types of connectors tested 
to contact noise (electrical interrup- 
tions) during environments of mechan- 
ical shock and vibration. 

Contact plating is normally wom 
from contact surfaces within 100 cycles 
of plug insertion and withdrawal. Al- 
though some wear tests now involve 
thousands of such cycles, it was con- 
cluded that a test incorporating more 
than 100 cycles would be unrealisti- 
cally severe. 

Salt-spray conditioning is valuable 
in printed circuit connector testing 
only when used as an accelerated cor- 
rosion test. This conditioning was 
originally developed to evaluate the 
relative corrosion resistance of various 
coatings in sea-coast environments. 
Since its origin, the salt-spray test 
has been indiscriminately and too often 
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unrealistically adapted to other pur- 
poses. The laboratory work performed 
indicated that salt-spray conditioning 
was most valuable and sensible (as 
far as printed circuit testing is con- 
cerned) when used in conjunction with 
a contact continuity test. This pro- 
cedure evaluates the ability of mating 
contacts to maintain electrical conti- 
guity in highly corrosive environments. 
It is unrealistic to expect unprotected 
printed circuit boards to operate satis- 
factorily following a 48-hour ex- 
posure to sea water. It is, similarly, 
pointless to expect similar performance 
fom printed circuit connectors. The 
alt-spray test may be found useful in 
detecting leakage of hermetic seals, 
jaskets, or protective shells, but once 
he salt solution contacts an unprotect- 
td surface within a piece of electronic 
tquipment, the equipment is rendered 
iseless for future service. 

As a result of the research on printed 
tircuit connectors, certain recommen- 
dations have been formulated. These 
recommendations, listed below, are in- 
cluded in the interest of improving 
connector designs and of improving 
liaison between the manufacturers and 
users of printed circuit connectors. 
Factors affecting quality are summa- 
rized in Table II. Significant properties 
of one-part and two-part connectors 
are described in Tables III and IV. 





@ Contact spacing should be standard- 
ized to conform with recently-pro- 
posed 0.100-0.050, and 0.025 inch 
grid systems for automatically pro- 
duced circuit boards. 
@ More thorough analyses of connec- 
tor failures should be performed by 
connector users, and all significant 
findings relayed back to the connector 
manufacturers. In this way alone will 
the manufacturers be able to determine 
d correct weaknesses in their prod- 
cts which become apparent only under 
ice conditions. 


@ Material requirements and certain 
design features of printed circuit board 
plugs used in one-part connectors 
should be standardized. For example, 
foil contact width and cure temper- 
atures or creep limits for plastic lami- 
hates. 
® Additional development work should 
performed on one-part connector 
tontacts to yield improved (lower and 
more constant) contact resistance char- 
acteristics with decreased (or at least 
hot increased) plug-insertion forces— 
along with greater tolerances of thick- 
hess variations in the printed circuit 
board plugs. 
® Improved methods should be de- 
veloped for retaining the polarizing key 
in one-part connectors. Keys in several 
of the one-part connectors tested pulled 
out with the plugs. 
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TABLE Il 


Factors Affecting Quality 
of Etched Printed Circuit Connectors 


Contact plating and its various effects. 
Creep characteristics of plug base materials, 
Design of the receptacle contacts and frame. 
Chamfering of the inserted plug edge. 
Surface contamination of the plug. 

Warp or twist of the plug. 

Thickness of the plug base material. 


Type of plug base material. 








TABLE Ill 


List of Properties Most Significant for One-Part 
Printed Circuit Connectors 


Uninterrupted electrical contact continuity during 
vibration. 


Resistance to mechanical shock. 


Unimpaired performance* under conditions of 
temperature cycling. 


Minimization of moisture and dirt traps. Maxi- 
mum wear-life of contacts. (Optimized contact 
platings.) 


Acceptable performance at sea level as well 
as rarefied air. 


High arc-resistance of dielectric material. 


Connector frame and contact design which 
eliminates contact damage due to the insertion 
of overly thick or warped plugs. 


Acceptable contact resistance at minimized 
insertion forces. 


Maximum durability of foil tabs and tab 
bonding on plug to minimize the tearing of 
tabs. 


*Connector performance includes such factors 
as consistently low contact resistance, resistance 
to arc-over, and chemical and mechanical 
stability and durability of dielectric and contact 
materials. 





@ An investigation should be con- 
ducted to determine the feasibility of 
and evaluate the advantages of pro- 
ducing connectors in which contact 
forces can be applied after plug in- 
sertion and released prior to plug 
withdrawal. 


Umbilical Connectors 


Umbilical connectors derive their 
name from the fact that they join two 
electronic or electromechanical com- 
plexes: one within a missile or ait- 
craft about to be launched and the 
other at some master control point on 
the ground. At launching (or birth) 
these connectors sever the circuits an 
the missile or aircraft is airborne. In 
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TABLE IV 


list of Properties Most Significant for Two- 
Part and Composite Printed Circuit Connectors 
Uninterrupted electrical contact continuity dur- 
ing vibration. 

Resistance to mechanical shock. 

Unimpaired performance* under conditions of 
femperature cycling. 


faximum wear life of contacts (Optimized 


ntact platings.) 


Acceptable performance at sea level as well 
gs in rarefied air. 


figh arc-resistance of dielectric material. 


Acceptable contact 
insertion forces. 


resistance at minimized 
Proper installation and alignment of contacts 
on printed circuit board (composite-type con- 
nectors.) 


*Connector performance includes such factors 
as consistently low contact resistance, resistance 
chemical and mechanical 
stability and durability of dielectric and contact 
materials. 





most cases umbilical connections are 
maintained right up to the moment of 
launching since the setup and checkout 
of missile systems are performed by 
electrical impulses passing through the 
umbilical connectors from instruments 
and control sources at the master con- 
trol point. Disconnection of these com- 
munication and control lines is usually 
activated remotely either by action of 
the missile or aircraft itself or from a 
a master control point. 


Umbilical connectors usually fall into 
three types based upon the launching 
method employed: vertical, rail and 
stage separation. 


Vertical Launching Large IRBM and 
ICBM missiles are usually launched 
vertically. At a specific moment in re- 
lation to the firing or launch, the con- 
nector is disengaged or ejected by sole- 
noid action, manual lanyard action or 
shear. 


Rail Launching Rail launching is used 
in ground to air, air to air, or air to 
ground missiles. Air launched missiles 
are released from a rail hung under 
the wing or fuselage of the aircraft. 
Connector release in this case is usually 
of the shear type. 


Stage Separation Multiple stage missiles 
employ umbilical connectors between 
Stages. As one stage burns out, the 
next stage must be activated and sepa- 
rated from the spent stage. Explosive 
Continued on page 46 
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Heli-Coil® Screw-Lock Inserts* lock screws against impact 
and vibration and permanently protect critical tapped 
holes in this transducer assembly. 


Critical Electronic Controls Get 


Internal-Locking, Protective Threads 
eC with 


A / 


Screw-Lock Inserts 





Electronic control devices for aircraft and missiles, 
like this angle of attack vane transducer made by 
U. S. SCIENCE CORPORATION, LOS ANGELES, 
CALIF., have to withstand severe vibration, impact, 
corrosion and temperature change. They must be 
made of light materials and still have strong threads 
a — able to hold fasteners tightly and stand frequent 
Principle of Heli-Coil Screw- assembly and disassembly. 

LOCK Insert. Locking center coil 
grips internally, holds screw 
firmly. 


U. S. SCIENCE insures rock-solid screw assemblies 
by protecting vital tapped holes with one-piece 
internal-locking Heli-Coil Screw-LOCK Inserts. These precision formed, 
stainless steel wire inserts eliminate thread wear, lock screws securely — 
without resort to clumsy, external lock nuts and lock wiring. 


Simple Installation Procedure 
U. S. SCIENCE finds it easy to install Heli-Coil Screw-LOCK Inserts. 


Drilled holes are tapped with a Heli-Coil tap and the Inserts wound in with 
a prewinder inserting tool. Conventional screws are used in assembling 


we Heli-Coil Screw-LOCK Inserts 
@ positively lock fasteners against loos- ®permit repeated disassembly and 
ening under impact and vibration reassembly 
@ prevent thread wear, stripping, corro- @can be used in standard proportion 
sion, galling and seizing bosses without need for redesign 
@eliminate lock nuts, lock wiring, ®@save assembly time, space, weight 
other supplementary locking devices and cost 
@ meet government specs for locking torque and vibration 
*Patented 


HELI-COIL CORPORATION 


DANBURY, CONNECTICUT 


| Apa WI SAN PIL GEN eies hieE ES 




















} HELI-COIL CORPORATION, 2707 Shelter Rock Lane, Danbury, Connecticut § 

| Send complete design data on Heli-Coil Screw-LOCK Inserts i 

1 Name TITLE j 

' FIRM 

i ADDRESS. 

: j 
CITY ZONE____STATE J 
A ER RED EE SUN ERNE SO CRN EY NR SHON KURI eit ncn NST MSE TU ORME SERRE AUER Gimme erm Sty Sty RNS SD evs ete 


IN CANADA: W. R. WATKINS CO., Ltd., 41 Kipling Ave., S., Toronto 18, Ont. 
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now available 


OPTISYN 


Incremental 
Digital Pickoff 
With New 
Optical Principle 





Model PH VII-1 shown with 
integral transistor amplifier 


Low Torque—0.05 oz-in 
Fast Slew Rate—3000 rpm 
Small Size—2.3 dia x 15/16 length 
inertia—52 gm-cm’ * Weight—7 oz 
High Reliability — no brushes 


MODEL RESOLUTION 


PH 

PH Vill 213, 212 ( 

PH V one in or 
PH V one part in or 100 





Evaluation units (PH VII) available for 30 day delivery: $735.00 


Dynamics Research Corporation 


44 Winn Street Woburn, Mass. 
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Get 

| Diamond's 

| new 
catalog 


| a 
ROTARY 
j= = |SOINTS! 


\ 


Diamond can offer the solution to your rotary 
joint problems — waveguide or coaxial. . 

Ao} colelo| ole ls [> ana 
channel — whatever they may be. 


high power... inline... multi- 


Send for your free copy of Diamond's 
— R-959. 


new Rotary Joint Catalog 


DIAMOND 


ANTENNA & MICROWAVE 
CO: RR: ?: BD RR ATL se 
7 North Avenue +« Wakefield, Mass. 
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BALL AND DETENT RELEASE 


DISENGAGED 


Receptacle is mounted on missile, the plug assembly is attached and 
secured in such a way to provide for its retrieve when released. 


ENGAGED 


The plug is pressed against the receptacle face to initially lock the 
connector together. This locking occurs as follows: the receptacle 
face forces the restrictor sleeve back to relieve the restriction on the 
balls. This allows the spring loaded detent shaft to release forward 
and force the balls outward. The balls then act as a lock by action 
of the detent shaft against the balls, and the balls against the neck 
of the receptacle lock ring. 


When thus locked, the handwheel is turned which compresses the 
receptacle and the spring loaded plug inserts together to completely 
mate the connector. This action also compresses the weatherproofing 
ring to seal off the connector. 


RELEASE 


When a lanyard is pulled or the solenoid is actuated, the following 
occurs: the detent shaft is pulled back. This allows the spring load 
to force the now unrestricted outward balls down into the detent of 
the shaft. The lock mechanism is thus unlocked which permits the 
force of the spring loaded insert faces to separate the connector. 
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WEATHERPROOFING 
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TUBE ASSEMBLY 
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RELEASE 
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: ALL PURPOSE RELEASE 
DISENGAGED 
This new all purpose release is designed to use interchangeably with 
4 connectors which otherwise use a ball and detent release. 
. ENGAGED 
The plug is engaged by simply turning the handwheel which screws 
h the stud into the receptacle. This action compresses the spring loaded 
- plug inserts, and the weatherproofing ring against the missile skin. 
“4 RELEASE 
rd When the lanyard is pulled, the sleeve assembly is also pulled back. 
on This allows combined spring forces to snap the keys out into the h ‘ ° 
ck now open cavity at the end of the sleeve. This action frees the stud, Compression & Tension Type 
which allows the insert spring tension te release, thereby ejecting the j : ? , ‘ 
he plug from receptacle. An explosive squib, hydraulic fitting, or a Aircraft cable is strung with spherical steel 
| pneumatic fitting can also be attached to the back of the release shells in a rigid or flexible housing sealed 
~4 assembly. The release by these means is accomplished as follows: a Siig phages 3° seadard bend redivé 
8 the pressure accumulation by either an explosion, fluid, or air, fills é.. with “O” rings. stanaar end ra ° 
the tube. The eee then expands through the vent and drives the %” minimum bend radius. 
sleeve back, effecting the same release as a lanyard pull. 3 
ng When the connector is released, the stud travels with the receptacle. - Three Types: 
a The pl be re-used again by simply inserti tud. ; 
of PR OT Se ee ee 1. Light Duty—Compression Ult. Load 1250 
- Ibs.; Ult. tension 960 Ibs. 
2. Heavy Duty—Compression Ult. Load 1650 
a Ibs.; Ult. tension 960 Ibs. 
3. Extra Heavy Duty— Compression Ult. Load 
YW 3050 Ibs.; Ult. tension 3900 Ibs. 
17 
Z iti ls f i hanical, hydrauli 
W Positive remote controls for actuating mechanical, hydraulic 
‘ |Z vr other devices. Eliminate bell cranks, pulleys, and dua 
Th caples, U.S. Patent No. 2441719. All world rights reservea 
R a7 send for ENGINEERING MANUAL giving compiete speci- 
V/ . ‘al inish aes : 
V/ rications covering materials, finishes, capacities. Piease 
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SOUTHWEST PRODUCTS CO. 
1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 
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CHR PRESSURE-SENSITIVE TEFLON: TAPES 


e —100°F to 500°F applications 
e Class H and Class C insulation 
e Non-stick and low friction facing 
e Chemical resistant facing 
e Easy to apply 

Temp-R-Tape is ‘available from stock in rolls and sheets. All 
four types — Temp-R-Tape T; TH; C and TGV — combine some 
form of Teflon backing with silicone polymer adhesive to pro- 
vide easy-to-apply pressure-sensitive and thermal curing pres- 
sure-sensitive tapes for electrical and mechanical applications. 
Designed for extreme temperatures, Temp-R-Tapes possess high 
dielectric strength, low power factor, high elongation, negligible 
moisture absorption, are non-corrosive and non-contaminating. 


FREE SAMPLES and folder — write, phone or use inquiry service. 








SPRING 














RELEASE Sold nationally through distributors 
CONNECTICUT HARD RUBBER 
*duPont TM Main Office: New Haven 9, Connecticut 
Fig. 10(b) CIRCLE 35 ON INQUIRY CARD 
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SHEAR TYPE RELEASE 







EXPLOSIVE SHEAR RELEASE 







DISENGAGED DISENGAGED 

Receptacle is mounted to missile which is launched from a platform Receptacle is rigidly mounted... plug is cord mounted. The engag- 
or rail. ing stud is attached to the shaft by a shear pin. 

ENGAGED 






ENGAGED 
Connector is mated by turning handwheel at rear of plug assembly. 
An arming plug is then connected to the explosive squib assembly. 
Receptacle is mounted to missile which is launched from a platform 
or rail. 


RELEASE 


Current through the arming connector detonates the squib. The 
explosive force drives the piston to shear the pin and separate the 
plug and receptacle. 


The plug is engaged and held to the receptacle by the design of the 
launching platform. 


RELEASE 


As the missile is fired from the launching platform, the exposed por- 
tion of the receptacle and plug are carried along to a predetermined 
point of impact. On impact, the receptacle portion above the shear 
eed goes with the missile. The portions below shear plane—stopped 

y impact—separate immediately. As the missile continues, the action 
of the grooves riding up and away from the dog ears, separate the 
connector to prevent any possibility of cross circuiting. 
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TIME DELAY 
TIMER 


Provides time delay in ranges 
up to 9.5 minutes. Ideal for 
such applications as the 
protection of power tubes 
and/or operating preset 
operating cycles. Available in 


120 or 240 volt, 50 or 60 
cycle current. 








400 CYCLE 
MOTOR 


These split phase motors 
provide the military an _ 
accurate approach to timing 


control for military : 
applications. Rotor speed is 


3,000 RPM at 400 cycles, 115 
volt normal. Two models are 
available — Heavy Duty with 
18 gram millimeters torque at 
the rotor, and the Miniature 
with 5 gram millimeters at 
the rotor. These motors may 
be applied to Haydon gear 


trains if desired. 
















It takes Tough Testing to 
build Timing Performance 
























When you buy a Haydon Timing Motor or Timing 
Device, you buy high quality and superior performance, 
because every production model and every new design 
has proved itself by passing the toughest, most exhaus- 
tive series of tests that our engineers can devise. 
Quality control at Haydon starts with a careful inspec- 
tion of all in-coming materials. It continues throughout 
production — with all parts and assemblies gaged, in- 
spected or physically tested after every operation that 


can affect the performance of the finished motor or 
device. Final step is an inspection of completed motors 


and timing devices. All units are performance tested 
for many hours under varying conditions and are check- 
ed for quiet operation. Percentage samples of each lot 
are checked for torque rating, timing accuracy, and ac- 
curacy and alignment of gears and shafts. In addition, 
ns and periodic samplings from production 

to special “life endurance” tests in which 


all new desi 

are skied 

hundreds of units are run continuously under various 

load conditions. In some instances, units have now been 
. . proving 


running ceaselessly for more than 10 years . 





their ability to perform millions of cycles without failure! 


When you submit your timing problems to Haydon, you 
can be certain that our teams of engineers and other 


Timing Specialists have the experience, knowledge and 
facilities to supply devices designed, produced and 


tested to meet your needs exactly and perform accord- 


ing to your specifications. 
For further information, write now, outlining your 





CYCLE TIMER 


These units repeat a set cycle 
or sequence of operations as 
long as the motor is energized. 
Available in a wide choice of 
speeds, a broad range of 
timing intervals, and with a 
wide range of enclosed single 
pole, double throw switches 


Haydon | 
2831 EAST ELM STREET 
‘viallainev icles TORRINGTON, CONNECTICUT 
i for 120 and 240 volt operation, 
Headquarters for Timing for 50 and 60 cycles. 
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timing requirements. 
DIVISION OF 
GENERAL TIME CORPORATION 
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BMR-105 
BDR-105 


x This enigmatic equation was invented to emphasize the 


fact that JRL resistance sets are manufactured to ten times 

the precision of conventional high-accuracy components. For 
example: 17-bit binary conversion accuracy or 5-figure 
binary-coded decimal accuracy are achieved by simple 
switching of our BMR-105 or BDR-105 resistance sets. Each 

set is made up of independent, oil-immersed, primary-standard 
NB-1t style resistors. Incomparable for digital-analog 
conversion, programming, synthesis, calibration, to .0015% 
accuracy! Only $180.00. Write for bulletin E-59-5. 


RESISTOR NETWORKS, INC., A DIVISION OF 


JK 
JULIE RESEARCH LABORATORIES, Inc. 
556 West 168th Street, New York 32, N. Y. LOrraine 8-8700 
: t Patent applied for. 


/ 
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Off-the-Shelf Gear Reducer 


RATIOS FROM 
9:1 TO 3125:1 


Link’s Hi-Precision 012 Gear Boxes offer the flexibility, performance range and construc- 
tion qualities you’d expect to find only in costly custom systems. Designed for application 
with servo mechanisms, control equipment, instruments, computers and motor drives, 
Link 012 Gear Boxes are light (16 oz.) and compact (342” x 34%” x 2-7/32”). They feature 
anodized aluminum AGMA Precision Class 3 gears, Class 1 precision ball bearings and 
lifetime lubrication. 


Other Model 012 Features: 
¢ Output rated at 120 oz.— in. at slow shaft 
¢ Friction torque of .004 oz. — in. 
e Backlash less than .27° 
e Avg. total inertia (reducer & coupling) 4.5 gm cm? 
® Efficiency 97% at 120% "rated load; 95% efficient at 10% rated load 
e Available in ratios from 5:1 to 3125:1 


Dual output models also available for many ratios .. . 
Link adapter kits integrate 012 Gear Box with mn, 
commonly used servo motors. + 


Write for FREE catalog 
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LINK AVIATION, INC. - Binghamton, N. Y. 
A subsidiary of General Precision Equipment Corporation : 
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Fig 11 Wiggins’ shear type of connector 
design is based on a 3-spring, phosphor 
bronze leaf design that supplies a 
popping action upon release of the 
connector. Wiping action of the spring 


leaves during disconnect delivers a 
smooth clean break with no pin fric- 
tion. The unit disconnects by missile 
motion during fire between 0 and 90° 
to the surface of the missile with a 
force of 25 lbs on lanyard or fail safe 
with a force of 600 lbs on the retract 
trunnion. This particular design is 
integral to the missile skin and forms 
a part of the stress bearing structure; 
the connecting surface is electrically 
isolated upon disconnect. Two 4” 
water methanol electronic cooling lines 
for the guidance package are integrated 
into this particular umbilical con- 


nector (L23P6). 


disconnect mechanisms are activated by 
an electrical impulse that explodes a 
squib on the connector. Detonation of 
the squib disconnects and ejects the 
connector halves. 


Fig 10 shows a series of four basic 
release mechanisms illustrated by Can- 
non Electric. Fig 11 shows E. B. Wig- 
gins Oil Tool Co.’s shear type of umbili- 
cal connector. (Pages 4 and 5 of May, 
1959 ELECTROMECHANICAL DE- 
SIGN contains the detailed description 
of some new E. B. Wiggins’ quick 
connect-disconnect designs for patch 
panels and missile fire control systems. ) 
Wiggins also designs special pod panel 
assemblies that include not only elec- 
trical connectors for jet aircraft check- 
out, but also contain hydraulic, fuel and 
other types of non-electrical connectors. 


END 
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Analog-Digital Converters—Part 2 








The sections of CD 7 Part II are 





derived from two main sources: 
“Notes on Analog-Digital Conversion 
Techniques”, edited by Alfred K. 
Susskind and published jointly by the 
Technology Press of Massachusetts 
Institute of Technology and John 
Wiley and Sons, 1958; and informa- 
tion furnished by engineers at 
EPSCO, Inc., Cambridge, Mass. 
The source of each section is noted 
in the text. 











Part I of Components Digest No. 7 in 
the June issue of ELECTROME- 
CHANICAL DESIGN was restricted 
to shaft position encoders, which con- 
ert an analog shaft input to a corre- 
ponding binary digital output. In 
ese devices, a coded pattern disc 
ith concentric rings corresponding to 
igits, having alternating conducting 

d non-conducting segments corre- 
sponding to binary 1 and zero, is 
coupled to an input shaft whose angle 
is to be measured. Read-out devices 
orresponding to the individual con- 
tentric rings, determine whether the 
torresponding discs are binary zero or 
ne. In Part I, the details of the con- 
truction and operation of these de- 
fices were considered. Emphasis was 
in those devices in which brushes are 
ised to read out the individual digits. 
Techniques using internal and external 
bgic elements were also described 
which provide great flexibility and may 
de in a great many codes. Com- 
pact logic circuits are available which 
deliver a pure binary output in non- 


ambiguous form. 


_A second major type read-out tech- 
hique is based upon the use of optics. 


4ULY 1958 


In place of brushes running on disc 
segments, the optical type has a pat- 
tern of opaque and transparent areas 
that can be read by placing the disc 
between a light source and a photo 
cell array. An optical slit establishes 
the width of the “brush” in optical 
readings. By their nature, many of the 
logic circuits which have been quite 
feasible using brushes are not practical 
in the optical case. For this reason, 
optical-type devices avoid the am- 
biguity problem by employing a non- 
ambiguous code such as the reflected 
or gray code. 


Comparison of Brush and Optical 
Type Shaft Encoders 


In chapter 6 of “Notes on Analog-Digi- 
tal Conversion Techniques”, John Ward 
examines typical commutator and opti- 
cal codes to establish the level of me- 
chanical tolerances required in manu- 
facture and in use to keep equivalent 
brush width within one quantum. 
Perhaps the most serious ambiguity 
problem arises, Mr. Ward says, in the 
commutator pattern coders as a result 
of variations in brush alignment. 
Brushes are susceptible to vibration 
and acceleration forces, which can 
cause intermittent contacts and shifts 
in brush position. Since shaft friction, 
resistance to mechanical disturbance, 
and operating life all are functions of 
the brush pressure, a compromise must 
be made among them in the design of 
a coder. Resistance to mechanical 
forces can in general only be obtained 
at the expense of increased friction and 
lowered operating life. Also, it is found 
difficult to fabricate multiple-brush as- 


semblies for reflected binary commuta- 
tor coders with sufficient built-in ac- 
curacy, and adjusting screws are 
usually provided so that the brushes 
may be individually adjusted during 
the final tests of the coder. Brush align- 
ment, therefore, is a problem not only 
in the original manufacture of commu- 
tator coders, but a continuing problem 
as vibration and brush wear tend to 
move the brushes from their original 
positions. One quantum in a_ three- 
inch diameter ten-digit code disc is 
about 0.010 inch, and a typical brush 
width is about 0.005 inch. Brushes 
must be positioned within about 0.002 
inch if any allowance is to be made 
for the contributions to equivalent 
brush width of pattern errors, shaft 
eccentricity, etc. 

Ward points out that most of the 
above problems with brushes are elimi- 
nated in an optical disc with a photo- 
electric reading method. Since there 
are no rubbing contacts, there is no 
wear problem and no limit on the disc 
life or disc operating speed. The photo- 
cell assembly and optical slit can be 
made more rigid than the brushes of 
a commutator coder, and slits can be 
made extremely straight and of con- 
stant width by using a ruling engine. 
The problem of relative slit alignment 
between zones is therefore not trouble- 
some in optical coders, except that the 
reduced dimensions of the segments 
make the tolerances on slit alignment 
very small. For example, in a typical 
thirteen-digit reflected binary coder 
with a 2.75-inch diameter disc, a seg- 
ment on the thirteenth zone is 0.0018- 
inch wide, and a quantum is there- 
fore 0.0009-inch wide. The 0.0006-inch 
reading slit must be radial with a 
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tolerance of 0.0001-inch and must be 
of constant width to within the same 
tolerance. 

Another problem in optical coders, 
according to Mr. Ward, is that because 
of the finite width of the slit and opti- 
cal diffraction effects, the cell output 
does not change abruptly from “dark” 
to “light” as the disc moves. To detect 
the exact position of a transition in the 
pattern, an external amplitude dis- 
criminator is required at the cell output, 
and variations in the discrimination 
level add to the equivalent brush 
width. 

Despite the advantages of optical 
coders with respect to reading resolu- 
tions and accuracy, Mr. Ward says, 
the optical coder has some new prob- 
lems of its own. The reading system 
is more complicated than a commuta- 
tor and brush system and is thus per- 
haps just as likely to give trouble, 
although for different reasons. Discs 
may be read either by flashing the 
light or by using a steady light and 
turning the photocells on and off. If 
a flash lamp (usually xenon) is used, 
the coder requires a_ high-voltage 
power supply which may be trouble- 
some in some applications. Also, cell 
outputs with flash excitation are so 
small that an amplifier is required in 
each cell output, and gain stability is 
required to maintain a small discrimi- 
nation band. If a steady light is used, 
cell output can be improved, but the 
discrimination circuits must now be 
able to distinguish a “light” cell from 
a “dark” one under all conditions. Two 












methods for doing this are to use cells 
with no “dark” output (e.g., cadmium 
selenide), or bridge detector circuits 
to suppress any “dark” output from the 
cells. 


Optical Reading Systems 


The reading system for an optical 
coder consists of: (1) a light source 
(2) an optical system, which forms an 
index beam (3) a detector, which is 
used to determine the index position 
on a coded plate. Either the index 
beam or the coded plate may be arbi- 
trarily fixed and the other moved in 
accordance with the measured param- 
eter. In chapter 7, “Notes on Analog- 
Digital Conversion Techniques”, John 
W. Brean and Martin S. Osman dis- 
cuss some major considerations in de- 
sign of optical encoders. 

They point out that a number of 
basic optical systems can be used: Fig. 
1 shows one such system. Here a point 
energy source is used to illuminate a 
cylindrical lens. The energy collected 
by the lens converges at the coded 
surface and the image formed acts as 
the index. A narrow optical slit is 
placed between the coded surface and 
the multi-element detector to prevent 
unwanted light from reaching the de- 
tector. The logical moving part in this 
configuration is the code plate. 

Figure 2 illustrates another reading 
system. Here a line source is used to 
irradiate the coded surface. An optical 
slit similar to the one used in the 
previous figure is placed between the 
coded surface and the detector. In this 
case, the slit forms and determines the 
dimension of the index; the light radi- 
ated from the source in directions other 
than the straight path to the slit is 
prevented from reaching the detector. 

Other optical systems can be devised 
to perform the same operations. How- 
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Fig 1 Cylindrical-lens reading system 
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Fig 3 Detector response for the zone 
vs index position for three index widths 


ever, it is desirable that the system 
chosen should occupy minimum space 
and be as simple as possible, particu- 
larly for airborne applications. The 
system in Fig. 2 is simple, but it is 
relatively inefficient since only a small 
amount of the energy radiated from 
the source is useful. The space require- 
ment of a particular system, however, 
sometimes demands acceptance of its 
inefficiency. 

In the design of the reading system, 
according to Brean and Osman, con- 
sideration must be given to (1) the 
index width and its alignment, (2) the 
viewing angle of the detectors, and (3) 
cross-talk between zones. Here is theit 
discussion of these considerations. 


INDEX WIDTH AND ALIGNMENT 


In any visual reading system, the width 
of the index acts as one of the limiting 
factors in the resolution of the reading 
system. For instance, when a voltmeter 
is equipped with a coarse pointer, the 
physical center of the pointer must be 
estimated in order to provide a precise 
reading. The accuracy of the reading 
then is no better than the estimate 
made on the center-line position of the 
index. 

The same limitations exist in the 
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Fig 2 Line-Source Reading System 
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optical coder reading systems. Here 
delineations must be accurately made 
between the two sides of the segment 
boundaries in each zone. The index 
width may be regarded as equivalent 
brush width. 

The zone-to-zone alignment of the 
index also enters into the problem of 
reading. In general, the code pattern 
is constructed in such a fashion that 
it can be properly read only by an 
index which is exactly perpendicular 
to the zones. Any deviation from this 
perpendicular condition adds to the 
equivalent width of the index and also 
to the ambiguity in reading the seg- 
ment boundaries. 

A good reading index must interpret 
the code pattern ard determine the 
points where transitions exist with the 
same accuracy that the transitions are 
arranged in the code pattern. It is 
evident, then, that the greatest defini- 
tion and resolution can be achieved 
through an index whose width is in- 
finitesimal and whose alignment is 
exactly perpendicular to the zones. An 
infinitesimal index is impractical, since 
the transmitted light flux would be 
limited; consequently, a finite width 
must be established. As the width of 
the index is increased, however, the 
reading ambiguity at the segment 
boundaries also becomes greater. The 
effect of various index widths may be 
seen in Fig. 3, which shows the modu- 
lation envelope of the light flux trans- 
mitted through one zone as the index 
is moved. It is obviously necessary to 
restrict the effective index width in an 
optical coder to the width of the small- 
est division in the code pattern. This 
is the maximum width that permits the 
reading of the most finely divided zone 
without seriously impairing the ONE- 
to ZERO signal ratio obtained in the 
least significant code channel. Notice 
that the actual change in photocell 
response at a code transition is smooth 
rather than abrupt, as would be true 
in a perfect reading system. As the 
effective brush width is made smaller 
and smaller, the change in photocell 
response at a code transition more 
nearly approaches the ideal abrupt 
change, but progressively less energy 
reaches the photosensitive surfaces. 


VIEWING ANGLE 


In any reading system the viewing 
angle must be constant for all observa- 
tions. In the more precise visual read- 
ing systems, a mirror is sometimes 
placed behind the index, which permits 
alignment of the index and its image 
before making the observation. The 
viewing angle is then always the same 
and parallax errors are prevented. In 
electro-optical systems, the viewing 
angle is held constant by controlling 
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the angle of energy transmission 
through the code pattern to the de- 
tectors. This must be accomplished by 
the index-forming components and by 
limiting the size of the source. It is 


‘ also important that the detectors do 


not receive energy from areas of the 
coded pattern which are not irradi- 
ated by the index. 


CROSS-TALK 


The position and length of the source 
must be such that cross-talk (the 
transmission through a zone of the 
pattern to an adjacent detector) cannot 
occur. The restrictions on the per- 
missible positions of the energy source 
are illustrated in Fig. 4. Part (a) of the 
figure shows a cross section of a four- 
zone coded pattern and its associated 
detectors. The shaded area above the 
line AB represents the positions for a 
light source which do not result in 
cross-talk between a zone and any 
zone above it. In part (b), the shaded 
area below the line CD represents the 
positions for the light source which do 
not result in cross-talk between a zone 
and any zone below it. Part (c) repre- 
sents a superposition of Parts (a) and 
(b) and the resulting shaded area rep- 
resents the permissable light source 
positions in which no cross-talk can 
occur. A point source can be placed 
anywhere in this area and a line source 
can extend to the boundaries. A point 
source which radiates sufficient energy 
is difficult to achieve. In order to maxi- 
mize energy which can illuminate the 
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(b) The shaded side 
of line CD repres- 
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Fig 4 Cross-talk restrictions 
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Fig 5 Block diagram of coder similar 
to anodige 


detecting surfaces, the lamp radiating 
element should be as large as possible 
commensurate with the cross-talk and 
viewing angle constraint. That is, the 
source length must be limited in ac- 
cordance with Fig. 4 and in addition 
its width (the source dimension per- 
pendicular to the page) must not al- 
low illumination of the detectors 
through segments not illuminated by 
the true index. Normally the viewing 
angle is limited by the slit or some 
other optical component. It appears 
then that a line is the most suitable 
source configuration. The cross-talk 
criteria can be used to determine the 
maximum length of the source once 
the dimensions of the code plate and 
detector assembly are fixed, and the 
viewing angle will determine the source 
width. If a point source or a short 
filament are used, the distance from 
source to code plate must be adjusted 
to permit proper illumination of all 
detectors through their associated 
zones and to avoid cross-talk, 


Voltage Encoders 


A variety of techniques is available 
for expressing a voltage in its corre- 
sponding digital form or deriving a 
voltage which is proportional toa 
number. In chapter 5 of “Notes on 
Analog - Digital | Conversion Tech- 
niques”, Alfred K. Susskind surveys 
these’’téchniques and organizes them 
in two major categories: voltage coders 
and decoders in which there is an 
intermediate conversion into a_ time 
interval, and voltage conversion de- 
vices in which no intermediate con- 
version is made. 

Mr. Susskind points out significant 
differences in the characteristics of the 
two groups. Members of the first cate- 
gory (time representation involved) 
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perform the conversion in a relatively 
long time (hundreds to thousands of 
microseconds). They result in rela- 
tively complex conversion devices, but 
where several information channels 
must be handled, the  conversion- 
equipment cost per channel is only 
moderate, because some of the re- 
quired components can be used by 
more than one channel. In the case 
of decoders, “holding” of the output 
without recourse to storage of the 
number to be converted can _ be 
achieved. 

Members of the second category 
(time representation not involved) are 
characterized by short conversion time 
(a few microseconds or sometimes only 
a few tenths of a microsecond). These 
converters can only be shared by 
several channels through switching at 
the input or output. In order to achieve 
holding, decoders in this category re- 
quire storage of the numbers to be 
converted. 

It appears that most voltage con- 
verters have essentially the same upper 
limit in accuracy. Susskind says, where 
space, weight, and _ environmental 
specifications are not severe, it seems 
possible to achieve an accuracy of one 
part in one or two thousand with many 
of the techniques, regardless of cate- 
gory. That such a limit is reasonable 
can be seen he says, by realizing that 
part of any converter consists of elec- 
trical analog equipment which is al- 
ways characterized by an_ upper 
accuracy limit of similar order of mag- 
nitude. It follows, he says, that the 
accuracy limit in the conversion poses 
no limitations in the over-all system, 
for the conversion accuracy matches 
the accuracy of the voltage signal to be 
coded or the accuracy requirements of 
any units into which a voltage decoder 
is connected. 


CODING BY INTERMEDIATE CONVER- 
SION TO A TIME INTERVAL 


Anodige. The block diagram of a 
voltage coder patterned after Anodige, 
a National Bureau of Standards de- 
velopment, is shown in Fig. 5. The 
principle of operation is as follows. 
The voltage to be coded is compared 
with a linear staircase voltage gener- 
ated inside the converter. Each time 
a step is generated the contents of a 
counter are increased by one. When 
the staircase voltage agrees with the 
voltage to be coded, the counting 
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Fig 7 Multiplexed-sawtooth comparison coder 


action is stopped. The number of 
counts accumulated is then propor- 
tional to the voltage to be coded and 
the counter readout is the desired 
numerical representation. 

Operation. Assume that initially the 
output of the linear staircase generator 
is zero, the counter is reset to zero, 
and the start-stop circuit is in the 
stop position, which means that its 
line to the gate is at a low enough 
potential to block the passage of 
pulses from the master oscillator. When 
the programmer sends out a start 
pulse, master-oscillator pulses of fixed 
frequency pass through the gate. For 
each pulse, a step in the staircase 
waveform is generated and the con- 
tents of the counter are increased by 
one. This process continues until the 
staircase level agrees with the voltage 
sample to be coded. When the com- 
parison circuit indicates agreement, it 
sends out a stop pulse that puts the 
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start-stop circuit in the stop position, 
thereby shutting off the flow of fixed- 
frequency pulses through the gate and 
resetting the output of the staircase 
generator to zero. The contents of the 
counter may now be read. Some time 
after that, the programmer sends out 
a reset pulse to the counter, thereby 
clearing it, and shortly thereafter, a 
new start pulse is generated and the 
conversion cycle repeats. 
Characteristics. The conversion time 
in this approach is determined by two 
primary factors: the counting rate, r,, 
of the counter; and maximum number 
to be coded, pmax. Let the maximum 
conversion time be designated as tax: 
Then 
Tmax = (Pmax/Te) +A 

where A is the time required to read 
out the contents of the counter and to 
reset it to zero. Since for a practical 
counter the highest operating rate is 
about 5 megacycles, and a reasonable 
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voltage agrees with the voltage of the 
sample, the comparison circuit stops 
the flow of pulses into the counter. 
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equal to that in the equation for the 
Anodige-type coder. 

In this coder as well as the Anodige- 
type coder, the comparison circuit and 
the local waveform generator govern 
the accuracy of conversion, since the 
error in measuring the time interval is 
negligible. When a sawtooth generator 
is used, the slope as well as the 
linearity of the output voltage are 
important. Slope matters because the 
coder measures, in terms of fixed- fre- 
quency pulses, the time interval re- 
quired for the sawtooth to equal the 
voltage of the sample. Hence even if 
the sawtooth were perfectly linear, any 
variation in its slope would change the 
number accumulated in the counter. 
Multiplexing. The sawtooth-compari- 
son coder can be multiplexed in a 
manner similar to that previously 
shown in Fig. 6. Furthermore, if it is 
not required that all channels be coded 
simultaneously, the start-stop circuits, 
gates, and counters can be shared by 
connecting the output of each com- 
parison circuit to a common start-stop 
circuit through a switch as shown in 
Fig. 7. Note that this switch handles 
only pulses. Since the information re- 
sides in the timing of the pulses and 
not in the amplitude, the switch causes 
no loss of accuracy in the coder. Fig. 7 
illustrates the large extent to which 
equipment can be shared in a coder 
with intermediate time conversion. 


CODING BY COMPARISON 


The operation of a common class of 
coders is based on comparison of the 
input voltage with a locally generated 
voltage which is altered by a control 
circuit until the two voltages agree. 
The state of the local voltage generator 
at the time of agreement is read out 
in digital form and thus furnishes the 
desired number. 

The block diagram of a comparison 
coder is shown in Fig. 8. The local 
voltage generator is a decoder, the 
voltage or current sources in which are 
turned on or off by the control circuit. 
The control circuit turns on various 
combinations of sources until the de- 
coder output and the voltage to be 
toded agree. At that time, the states 


Din. n=2 
ok 








COMPARISON 
CIRCUIT 


INPUT 
—» 


a 

















SUBTRACTER 


Lo] suarmacren 
vs v 


of the sources indicate the desired 
number. A source which is turned on 
causes a ONE to be read out and a 
source which is turned off causes a 
ZERO to be read out. Any of a great 
variety of decoders can be used here. 

As a simple example, consider a 
three-digit binary coder which is de- 
signed to handle inputs ranging from 
0 to 7 volts. Three sources are needed 
in the decoder. The decoder output 
due to the most significant source is 
4 volts, due to the next source, 2 volts, 
and due to the least source, 1 volt. 
For a coder input of 5 volts, agree- 
ment is reached when the most signifi- 
cant and least significant sources are 
turned on. Hence the digital readout 
is 101, which is correct. 

The accuracy of a comparison coder 
is determined by the accuracies of the 
decoder and the comparison circuit. 
The conversion time is governed by 
the manner in which the control circuit 
develops the decoder output voltages. 

There are three modes of control- 
circuit operation possible. In one, the 
control circuit contains a counter 
which turns on the decoder sources in 
the sequence in which numbers are 
built up in the counter. The comparison 
circuit stops the counting sequence 
when the decoder output and the 
voltage to be coded agree. For ex- 
ample, when a binary number is to 
be generated, the sources S, to S, 
(S) denotes the least significant source 
and §, the most significant source) 
are turned on in the following se- 
quence: (1) Sp (2) S, (3) Sp» and S, 
(4) Se (5) Sp and S. (6) S, and So 
(7) So, S; and Sy (8) Sz (9) Sp and 
Ss etc. 

To generate an n + 1-digit number, 
a maximum of 2" + 1!1—1 counts are 
needed. The conversion time is there- 
fore fairly long. 

In the second mode of control-circuit 
operation, the coder functions as a 
servo-mechanism. The comparison cir- 
cuit is so designed that its output 
indicates whether the difference be- 
tween the input voltage and the de- 
coder output voltage is positive, nega- 
tive, or zero. For a positive difference, 
the contents of the counter are §in- 
creased, so that a larger voltage is 
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Fig 9 Coder with cascaded stages 
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generated. For a negative difference, 
the contents of the counter are de- 
creased in order to reduce the locally 
generated voltage. These corrections 
are made until the comparison circuit 
finds zero difference. When the input 
voltage varies slowly enough so that 
the counter can follow the dynamics 
of the input, this mode of operation 
results in faster conversion than the 
one previously described. 

In the third mode of operation, the 
most significant S, is turned on first 
by the control circuit. If the error is 
positive (input voltage greater than 
the decoder output), S,, is left on; while 
if the error is negative, S,_, is turned 
off. The control circuit next turns on 
S,-2 and the process is continued 
until all sources have been tried. For 
an n-+ I-digit number, only n+ 1 
steps are needed and so decoding can 
be done much more rapidly than in 
the counting mode. 
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CODING BY CASCADED STAGES 


Fig. 9 shows a method of coding in 
which an n-digit number is derived 
by means of n_ single-digit coding 
stages in cascade. Each stage consists 
of a comparison circuit and a sub- 
tracter. The former compares the in- 
put voltage to a reference voltage, 
chosen to correspond to the value of 
the stage. If the comparison shows 
that the input is equal to or greater 
than the reference voltage, the com- 
parison circuit reads out a ONE and 
the subtracter reduces the input voltage 
by the reference voltage. If not, a 
ZERO is read out and the input is 
passed on to the next stage unchanged. 
For binary numbers and quantization 
to q volts, the right-most stage uses a 
reference level Rg equal to q volts and 
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Fig 10 Successive approximation con- 
version (full scale) 
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Fig 11 Successive approximation conversion (0.671 full scale) 


each of the other stages a reference 
level twice that of its neighbor to the 
right. 

The conversion time required by the 
coder with the cascaded stages is de- 
termined by the settling time of the n 
stage in series. A settling time of ap- 
proximately one microsecond per stage 
seems realistic, so that it appears 
possible that a conversion time of 
only several microseconds is entirely 
within reason where moderate accuracy 
(e.g. 0.25 percent) is required. This 
coding scheme therefore leads to faster 
conversion than any of the others 
previously described. 

Where the digital output is to be 
generated serially in time, a single 
stage can be used repeatedly to de- 
velop all the digits and a very simple 
coder results. 


Accuracy Considerations in 
Voltage-To-Digital Converters for 
Use in High Speed Systems 


This section describes design and 
production methods for achieving opti- 
mum accuracy in a voltage-to-digital 
converter and outlines tests for estab- 
lishing that a typical converter meets 
the design criteria of particular interest. 
The discussion is taken from informa- 
tion supplied by Robert E. Ward of 
Epsco, Inc. 

The discussion is limited to voltage- 
to-digital electronic-type converters the 
majority of which operate by means 
of a successive approximation technique 
described above. The successive ap- 
proximation technique involves com- 
paring the unknown input voltage 
against a sequence of internally gener- 
ated, accurately known voltages which 
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Fig 12 Input—output relationship 


may be made to approach the unknown 
more closely with each discrete com- 
parison. In a typical pure binary con- 
verter, the internally generated volt- 
ages used for comparison are related 
to one another as powers of 2. The 
sequence of comparison proceeds from 
the most significant bit which is equal 
to % of full scale, to the least signifi- 
cant bit which may be 1/512 or 1/1024 
of full scale or smaller, depending on 
the resolution desired. 

Each of the internally generated 
voltages may be applied to or removed 
from a summing junction under control 
of a switching register. As each discrete 
comparison is made through a com- 
parator circuit, a decision is made re- 
garding the magnitude of the internally 
generated voltage with relation to the 
unknown. If greater, the last internally 
generated voltage unit is removed from 
the summing junction and the next 
smaller unit in order applied. If smaller, 
the last internally generated voltage 
unit is left applied to the summing 
junction and the next in turn applied. 
In Fig. 10 Mr. Wright shows this proc- 
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a. ABSOLUTE ACCURACY 


Fig 13 Accuracy considerations 


ess for the simple case in which the 
unknown input is exactly equal to full 
ycale. As each incremental unit of in- 
ternally generated voltage is applied to 
the summing junction, it adds to those 
already present, resulting in an ever- 
increasing voltage appearing at one 
side of comparator circuit. The output 
of the summing junction, therefore, ap- 
proaches ever more closely to equality 
to the unknown input voltage. The 
process is shown for a 10 binary bit 
voltage-to-digital converter. In Fig. 11 
Mr. Wright shows the same process for 
the measurement of an unknown volt- 
age, roughly two-thirds of full scale. 
The shaded portions in the drawing 
indicate voltage units, which, when 
applied, cause the output of the sum- 
ming junction to exceed the unknown 
and which were, therefore, removed 
before proceeding. 

The following discussion of accuracy 
by Mr. Wright relates to this successive 
ipproximation type of measurement 
nstrument. 


ACCURACY CONSIDERATIONS 


The ideal analog-to-digital converter 
hould be an instrument whose output 
creases in arbitrarily small, precisely 
ual steps linearly related to an in- 
easing input voltage as illustrated in 
lig. 12. The straight line in the figure 
presents the linearly increasing input 
Vhile the step function is indicative 
f the discrete changes in output value. 

There are two fundamental sources 





f error related to the generation of the 
aternal voltages used for comparison. 

he voltages generated are fractions of 
ome full scale value and both the 
"actions and the full scale value itself 
tte subject to error. Fig. 13 illustrates 
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b. RELATIVE ACCURACY 


the results of such errors. In Fig. 13(a) 
an indeterminacy of error in the full 
scale value represented by the shaded 
portion results in progressively smaller 
indeterminacy areas about each of the 
fractional values of full scale, assum- 
ing each fractional value to be correct. 
In Fig. 13(b) the inherent inaccuracy 
in any fractional value is illustrated 
with reference to a fixed full scale 
value. These two sources of error may 
be cumulative. Referring again to the 
input/output relationship of a con- 
verter, Fig. 14 illustrates the effective 
result of a low reference voltage. It is 
interesting to note that this figure also 
indicates the possibility of using the 
reference voltage effect as a method 
of scaling inputs. Mathematically, the 
value of the reference voltage with re- 
lationship to an absolute value can be 
used as a constant multiplier to scale 
inputs either up or down. 

The accuracy requirements for each 
of the fractional values is a constant in 
the absolute sense. That is, the half 
full scale value must be accurate to 
+X volts and the 1/256 full scale 
value must also be accurate to +X 
volts. However this works out per- 
centage-wise to be a differing require- 
ment for each of the resistors in the 
dividing network. 

The ability of a successive approxi- 
mation converter to resolve a given 
reading is a function both of the value 
of the least significant bit, and the 
ability of the comparator circuitry itself 
to detect differences as small as the 
least significant bit. In higher accuracy 
units, the comparator circuit generally 
sets the upper limit on resolution. The 
ability of the comparator to resolve 
differences on the order of the least 
significant bit has a definite effect on 
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Fig 16 Result of zero shift or offset 
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measurement repeatability and_line- 
arity. Fig. 15 illustrates the effect on 
the input/output relation of the con- 
verter as a result of the instability and 
low resolution in the comparator. It 
can be seen that in the extreme case, 
a unit having an apparent resolution to 
the least significant bit may not be 
able in practice to fulfill its promise. 

The last source of inaccuracy con- 
sidered may be described as a zero 
shift or offset. When an unknown input 
voltage is referred to some ground 
which is not an electrical equipotential 
with the ground to which the reference 
supply is referred, a constant offset is 
introduced to all readings taken. 
Mathematically, this is equivalent to 
addition of a constant value to all 
readings taken, where addition includes 
subtraction. Fig. 16 illustrates the re- 
sults of such an offset on the input/ 
output relationship of the converter. 


PRACTICAL LIMITATIONS 


From a point of view of absolute ac- 
curacy, one part in 10,000 is a practi- 
cal limit for the calibration of sec- 
ondary standard equipment. This figure 
takes into account the use of precision 
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Fig 18 Waveform quantization 

















Fig. 17 Number of bits vs output (10 
bit converter) 


components throughout, and allowance 
for their original inaccuracies, the ef- 
fects of aging and the temperature 
variation. Solid state components such 
as diodes and transistors exhibit definite 
changes in characteristics over long 
periods of time. Zener diode references 
may exhibit changes of as much as 0.03 
percent/degree F temperature change. 


While absolute accuracy as referenced 
to the International volt may not be a 
prime requirement, it must be recog- 
nized that even relative accuracy may 
change with time and temperature and 
must be rechecked from time to time 
if accuracy is to be maintained. Pre- 
cautions must be taken in the installa- 
tion and operation of such equipment 
to assure that a properly grounded 
reference is maintained between the 
unknown voltage to be measured and 
the reference supply of the converter, 
A separate, highly stabilized supply to 
act as a common reference for both 
transducer excitation supplies and 
converter reference supplies is a recom- 
mended solution for maximum ac- 
curacy. 

The dividing network used for the 
generation of fractional full-scale in- 
ternal reference voltages must be de- 
signed and manufactured with extreme 
care. In high speed converters where 
the individual bit decision time is on 
the order of 2usec, it will be appreci- 
ated that resistors must remain purely 
resistive at frequencies approaching 1 
megacycle. The percentage require- 
ment for accuracy is most acute on the 
most significant bit or % full scale bit 
and descends by powers of 2 with the 
smaller fractions of full scale. Thus, 
if 0.01 percent resistors be used on 
the % full scale bit, the equivalent re- 
quirement on the 10th bit is a 5 per- 
cent resistor. Strict adherence to these 
figures may still leave something to 
be required in the finished unit. It 
must be remembered that values such 
as 0.499 are built up as an internal 
reference voltage by summing as many 
as 9 fractional voltages in a 10 bit 
unit. The value of 0.500, however, is 
made up of only one fractional voltage. 
Thus, the designer must take care that 
the cumulative error as a result of 
summing fractional reference voltages 
not be allowed to exceed the single 
error inherent in any one of the frac- 
tional voltages. Failure to observe this 
rule has the interesting result that cer- 
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Fig 19 Effect of periodic sampling 
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tain output codes may be nonexistent. 
Missing codes are a rather severe form 
of instrument non-linearity. Fig. 17 
illustrates the number of active legs 
in the summing junction for a range 
of outputs about % of full scale for a 
typical 10 bit converter. The base line 
used is one active leg since zero active 
legs occurs only at zero input. The 
height of the vertical scale can be con- 
sidered to represent the relative mag- 
nitude of cumulative error for any 
given output reading. 

The considerations discussed lead to 
certain conclusions regarding practical 
test programs to establish the accuracy 
of successive approximation type con- 
yerters. Tests may consist of: 

@ Zero Check—with the converter 
input connected to the unknown input 
signal ground, the digital output should 
be zero. 

@ Absolute Check—the converter 
should digitize directly to within +% 
the least significant bit any accurately 
known voltage source within the range 
of the instrument. 

@ Monotonicity (Linearity)—as the 
input signal to the converter is slowly 
varied from zero to full scale, the 
operator should observe that each and 
every possible output code exists over 
a stable range in proper sequence. 

@ High Sneed Check—the converter 


' should be able to accomnplich test num- 


ber 3 at its maximum design rate. 


SPEED REQUIREMENTS 


Some factors that arise when analog 
information is converted into digital 
form are described for us by Bernard 
M. Gordon, Epsco President. He points 
out that the translation of temporally 
continuous analog data into discrete 
language (digital) notation implies 


that both the amplitude function and 


the time 
quantized. 

In general, he says, analog informa- 
tion which is to be digitalized will 
have frequency components extending 
from a lower frequency limit to some 
upper frequency limit. The upper fre- 
fuency components will impore the 
limitations on the accuracy of digi- 
talization. Fig. 18 shows a half sine 
wave of frequency. f, and of full-scale 
peak amplitude. The maximum slope 
of the sine wave occurs as it crosses 
the zero axis. Here, the slope is such 
as to tend toward full scale amplitude 
in one radian; therefore, the maximum 
slope is equal to 

2Qnf X Eps volts per second 

If the full-scale region is quantized 
into 2" levels, then the minimum time 
for the sine wave to traverse one quan- 
tization level will be 

1/xf x 1/(2" + 1) seconds per least 

significant digit 


of measurement must be 
—) an 
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Fig. 18 shows the quantizer will 
change its code whenever the voltage 
level comes within 50 percent of a 
quantization level. 

Digitalization of analog information 
might then be carried out by noting 
the time at which a quantization level 
is changed and also noting the new 
quantization level. On the other hand, 
digitalization may be carried out by 
quantizing periodically at a rate suffi- 
ciently high to insure that the input 
information cannot change more than 
one least significant digit in one period. 
Mr. Gordon points out that the burden 
imposed by either of these approaches 
to digitalization is tremendous. For 
example, he says, to digitalize a 100- 
cycle sine wave to 0.05 percent peak 
error would require that approximately 
600,000 data conversions be made per 
second, 

It can easily be shown, Gordon says, 
that the error function for digitaliza- 
tion of this type is very closely ap- 
proximated by a saw-tooth function of 
peak height equal to one-half the 
quantization level and further that the 
RMS error due to the quantization be 
very close to: 

Exms = 100/[(2)® + )(3)*] % 

It can further be shown, he says, that 
the spectrum of error information has 
most of its power well outside the 
original information bandwidth and 
that the original information can be 
almost completely recovered by pass- 
ing the digitalized information through 
a filter which removes those frequency 
components lying outside the original 
data spectrum. 

Now let S be the number of samples 
per second taken in the manner shown 
in Fig. 19. Here, the data is quantized 
and assumed to remain constant until 
the next quantization time. A mathe- 
matical investigation of recoverable 
accuracy, Gordon says, yields the fol- 
lowing relationship. 

% error = 100[1 — (sinx/s)/(x/S)] 
= 100 x*/6S? 
where S is the number of samples per 
information cycle of frequency f. 
Therefore, he says, to insure 1 per- 
cent accuracy in quantization for in- 
formation channels which can have 
frequency components up to some fre- 
quency limit, it can be calculated that 
the sampling rate should be 13 times 
the upper frequency. For 0.1 percent 
accuracy the sampling rate must be 
41 times the highest frequency present 
and for 0.01 percent accuracy the sam- 
pling rate must be 130 times that 
frequency. It is important to empha- 
size again, Mr. Gordon warns, that in 


order to recover the original informa- | 


tion, the quantized data must be ef- 
fectively filtered to remove frequency 


components above those present in the | 


original wave forms. 
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Cheth these features... 


OPERATING SPEEDS 
4 BIT DATA @ 20 lines/sec. 
6 BIT DATA @ 10 lines/sec. 
PAPER FEED TIME 
SERIAL LOADING RATE 20 kcs 


RELIABILITY 
Solid state storage, transistor- 
ized hammer drive and paper 
feed . . . troublesome contacts 
and wiper arms eliminated by 
reluctance pickup. Digital 
logic throughout. 


CUSTOM DESIGNS 


Designs to meet MIL or 
Commercial Specs. 


COMPATIBILITY 


4 or 6 bit input data in par- 
allel or serial-parallel form 
and in any coding system. 


FLEXIBILITY 


Self-synchronized or random (slaved) operating modes 
Tailored horizontal and/or vertical formats 

Modular construction permits wide variation of characteristics 
Accessible input/output command functions for maximum utility 


POTTER INSTRUMENT COMPANY, INC. 
Sunnyside Boulevard, Plainview, N. Y. 
Shp eetch of OVerbrook 1-3200 
Engineering Quality 
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The number of samples required per 
information cycle can be further re. 
duced, Gordon points out, by employ. 
ing more complex non-linear techniques 
in the data processing equipment. For 
example, he says, when a least mean 
square curve is fitted to a succession 
of sampled points, the original infor- 
mation wave form may be recovered 
to within 0.1 percent accuracy when 
as few as three samples are taken for 
each cycle at the upper frequency 
limit. 

Now, Mr. Gordon concludes, when 
we consider these facts, the need for 
high speed data translation equipment 
becomes apparent. For example, as 
shown, to digitalize information con- 
taining significant frequency com- 
ponents up to 1,000 cycles will require 
that 3,000,000 data conversions be 
carried out per second, if continuous 
quantization is required, that 41,000 
data conversions be carried out if 
periodic sampling with linear filtering 
is used and that at least 3,000 data 
conversions per second must be carried 
out even if more complex non-linear 
interpolation techniques are employed. 

Mr. John LaFontaine of Epsco gives 
us another fundamental argument for 
the importance of high-speed transla- 
tion equipment in industrial applica- 
tions. A characteristic of typical in- 
dustrial applications is that a number 
of parameters must be monitored to 
provide the necessary control informa- 
tion. LaFontaine points out that when 
a commutation device is used to pro- 
vide a sequential output to a trans- 
lator, switching noise transients will 
occur as the transition is made from 
one input to the next. Furthermore, 
any filtering or amplifying devices 
placed after the multiplexer require 
appreciable settling intervals. He con- 
cludes that if only a short noise-free 
period is available, a relatively high 
conversion speed is essential. Accord- 
ing to both the nature and speed of 
the commutator, these transients will 
occupy more or less of each sampling 
period. Since it is not desirable to 
digitize noise or settling transients, a 
control synchronizer can be used to 
trigger the converter during the opti- 
mum noise-free portion of the switch- 
ing interval. 

Mr. LaFontaine illustrates this point 
in a specific application. Consider a 
problem of monitoring 400 data 
sources, some of which provide rela- 
tively dynamic input information; the 
commutator is to sample each source 
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approximately 2.5 times per second to The NEW Series BH100 
prevent loss or misinterpretation of any 


of the input data. The sampling rate * 
of the commutator, therefore, is 1000 <= mab 
samples per second. 


For a dwell time for each sample of 
approximately 60 percent, or 600 mi- 
ired per Decconds. with switching noise con- THE INSTRUMENT 
her re.| suming approximately 40 percent of with the TAPE-SLIDEWIRE 
employ- | this time, the useful noise-free sampling 
hniques interval is reduced to 360 microsec- 
ont, For| onds. Noise from other sources may 
‘t mean! be eliminated by means of a 3 ke 
ecession | filter, which reduces the available digi- 
1 infor. | tizing time to only 60 microseconds! 
covered Example—To illustrate the argu- 
y when| ments for high conversion speed Mr. 
ken for} LaFontaine describes application of a 
»quency | digital data averaging system designed 
by Epsco for a job which—on the sur- 
s, when| face—called for “low speed” measure- 
eed for} ment apparatus. In this application 
uipment| there was only one input parameter 
ple, as| to be measured. This was the weight 
on con-| of a moving freight car. 

/  com- The unknown weight is monitored 
require | by means of a conventional load cell. 
ions be} The voltage output from this cell is 
atinuous | proportional to the weight of the car, 

41,000} modulated by any vibrations in the 

out jf scale mechanisms and oscillations in 
filtering | the freight car being monitored. This 
00 data} information is sampled approximately 
. carried | 500 times by the DATRAC converter 
yn-linear | to effect 500 digital codes. At the 
rployed. | DATRAC output each of these codes 
co gives | is transmitted through parallel lines to 
rent for | a binary counter. Subsequent to each 
transla- | counter preset operation, a gate is 
applica- } opened which passes that number of 
ical in- | One-megacycle pulses which are neces- 
number | sary to run the counter backwards to 
‘cored to | zero. 
informa- | The gated clock pulses employed 
at when | for count down are routed, also, 

to pro- | through a digital divider circuit and 
a trans- Jinto a decimal accumulator. The di- 
nts will } vision factor is set equal to the num- 
de from | ber of samples constituting one meas- 
xermore, | urement, namely five hundred, so that 
devices | the total number of pulses received at 
require |the accumulator input is the digital 
He con- } average of the five hundred data sam- 
oise-free | ples. When all 500 quotients have been 
ly high }accumulated, their binary-coded deci- 
Accord- }mal sum is fed to a print-out device, 
peed of }ihere the four decimal digit average 
nts will }is displayed as an accurate measure- 
ampling {ment of the unknown weight. 

rable to} When the car to be weighed moves 
sients, a}onto the transducing apparatus, its 
used to |motions and tremendous weight pro- 
he opti- }duces vibrations which result in noise 
_ switch- }transients of considerable magnitude 
and duration. Since the end desire is 
nis point {to operate the freight train over the 
nsider a PMeasuring device as fast as possible, 
() data fthe transients occupy a major portion 
de rela- }of the time the car is on the weighing 
ion; the /@pparatus. Thus the available sampling 
1 source |time is limited. While the high digi- 
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10 tne size... 


10 Times THE ACCURACY 


OF STANDARD INSTRUMENTS! 


@ Resolution: 1 part in 10,000 
@ LABORATORY PRECISION for the operating plant. 
@ COMPATIBLE with any transducer—AC or DC. 


@ For strain gage, linear differential transformer, thermocouple, 
thermistor, resistance thermometer, pulse or variable fre- 
quency circuits or systems. 








@ Parabolic or logarithmic functions are linearized for direct 
digital reading. 


@ Every scale unit is a calibrated value. 


Produced by the makers of the JETCAL® jet engine Analyzer... 
in worldwide military and airline use! 


* TRADE MARK 


Sales-Engineering Offices: 
ATLANTA, GA., COMPTON, CAL., DAYTON, OHIO, VALLEY STREAM, L.I., N.Y., WICHITA, KAN, 
TORONTO, ONT. (George Kelk Ltd.), MITCHAM, SURREY, ENGLAND (Bryans Aeroquipment Ltd.) 
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Full information is available for the asking! 


B&H INSTRUMENT 
Co., INC. 


3479 West Vickerv Bivd., Fort Worth 7, Texas 











. DESIGN | JULY 1959 59 








